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Foreword

'Q\

The All-Weather Flight Manual is an excellent reference
dealing with instrument flying and advanced pilot training. Al-
Shcugh this manual was originally issued by the Office of the
Chief of Naval Operations for use by Naval Aviators, civilian
"airmen will find a large portion of its contents valuable for
study and reference purposes.

In a continuing effort to promote aviation safety through
increased airman competency, the Federal Aviation Agency
has reproduced the All-Weather Flight Manual and made it

qWP available to the aviation public. The Examination and Records
Division of the Bureau of Flight Standards recommends this
publication to those preparing for Instrument Pilot, Airline
Transport Pilot, Instrument Flight Instructor and other FAA
certificates and ratings.
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4.

INSTRUMENT TRAINERS

"T HE key to all-weather flying is pilot proh- obtained from the plante manufacturer. The
cilency, alrd the key to pilot proficiency is stick forces are pretty accurate, so the "feel" of

effective training and practice. In this training, the controls is lifelike. The instrumelnt panel
-. you will find that simulated flight trainers can indications are what you would see in actual

,hell) you tremendously because they let you prac- flight under similar circumstances. Even the
tice the procedures you want under ideal condi- ,ockpit sounds tire duplicated, as are lightning•.
lions without the distractions anid dangers of cloud formations, and raini. This fairly corlpet c
actual flight, realism results in effective training and makes it

This does not mean that the simulated flight easier for you to carry over into actuual flight the
tratiners atre unrealistic. On the contrry, they are skills you learrn in the trainer.
21) reTlistic that sonmetimnes students forget they are I ime-wNN-, and cost-wise, too, the simutlated

i, i i trainer and break out in a cold sweat at the Rlight trairien has advantiages. A trainer is avti]-
supposed imnminient danger of a crash. TFie real- ahle for it greater percetrage of time than an
ism of the trainers is due to the careful attention a ircr'aft is becaiin'i the trainer is not subject to the
paid to every detail in their- design. In many proiblems of weather and general unava•ilahility

' cases the . r cockpit is the actual cockpit of aircraft. In addition, tra iner r costs peIl,,' 1111

~ I-7
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are one-tenth to one-fortieth of aircraft costs per Furthermiore, all Operational Flight Train -
hour. ers (OFTs) have a "freeze button" which enables

Ilowever, useful as the simulated flight, train- the instructor to "freeze" a flight problem at any
ers are for training in instrument procedures, time. If you become involved in a flight. problem
" they are even more useful and necessary for train- to which you see no apparent solution and become
ing in emergency procedures. With simulated tense, perhaps even panicky about your inability
flight trainers, the instructor can set up problems, to meet tile situation, the instructor can "freeze"'
.s|ch as engine-out approach, flame-outs and inter- the problem and give you tiime to analyze your
cept problems at close range, that would not be predicament. You can review the problem or
"possible in actual aircraft. The. instructor ,'an discuss it with the instructor, so that you can
create emergency situations by introducing such locate your mistake and l)an corrective action.
malfunctions as icing of wing's, engine fire, fuel Once you find the solution, the instructor can flick
or boost pump failure, excessive oil pressure or a switch either to continue the training flight or
temperature, failure of landing gear, flaps, and so to reset the entire flight back to take-off time and
on. In this way you learn not only to recognize lweriii you to begin again. Thus, in an OFT you
causes of trouble, but also how to combat them can get tile necessary time to think through your
effectively. Similarly, the instructor can intro- more serious flight problems at the time you are
duce instrument problems, so thmt you learn to most conscious of it.
meet ablormnal situations when Lie instruments In short, simulated flight trainers offer you
be'ome unreliable or fail to function at all. a remarkable nieanis for learning the fundamental

Aside from the factors of safety and econoiylv, techniques of all-weather flying effectively and
the trainers have another important advantage safely. Although they can't provide all the expe-
for training in emergency procedures. The enmer- rience you need to become an instrument pilot-
gency can be. repeiited over and over until you you can gain that essential experience and "firal
have completely mastered the proper recovel'v p olish" only in actual flight-the trainers do speed
procedure. You learn to meet emergencies of all your learning greatly and enable you to start
kinds with automatic reactions of tile proper actual instrument flying with far greater skill,
kind. knowledge and confidence than otherwise.

Figure 1-1. Device 1-CA-1,
known as the Link Trainer

1-2

. -,Am



ALL-WEATHER FUGHT MANUAL
NAYAER 00-80T--60

L di

Figure 1-2. Device 2-F-23 jot instrumont trainer

The types of simulated flight trainers used The complete unit contains the controls, switches,

in all-weather flight training are the Link Trainer, instruments, and mechanisms necessary to repro-
properly called Device 1-CA-i, Navy Basic In- -eegenerallytheflight characteristics of a single-
strument Trainer (NAVIBIT) ; the Twin-Engine place reciprocating aircraft. The basic instru-
Instrument Trainer, Device 2-F-25; the Jet In- ments are standard and are intereonne-cted and
strumene Trainer, Device 2-F-23, and a variety inter-related to give the same readings as if they
of Operational Flight Trainers (OFTs) for dif- were Ipositioned in an actual airplane. They are
ferent nmodel aircraft. so grouped that you can practice scan patterns.

aiange work, including use of fan markers, hold-
ing ADF, MI)F, GC \, and stacking can be easily

NAVY BASIC INSTRUMENT simulated.
TRAINER The controls are of the conventional stick or

DEVICE 1-CA-1 wheel type. Additional controls are included for
the throttle, flaps, liaiiding gear, controllable or

'l'bt Navy ]Basic Instrument Trainer (Fig. cout ant| speed l)lo pellers. -nd so on.
1-I) Is III teachmliug nfl phases of element ary Mounted on a universal joint, the trainer
:11d a(],hanicd i lnst munleoit flyi;g, imclolding ,1d in, fuselage pitches and banks in accordance with
nmmvigntion, radio range andi loop orierntation, in- your movement of the controls, and these motions
btrllm emlt landing sy,-t ens, voice procedure, and tr-ansmnit flight instrunient imdicationscorres 1 )ond-

, -.- _ flidglt anumd enugine' instrument fani Iiiarizat ionl. inmg to those received in actual fliiglt.

1-3
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The instructor can simulate failure of instru - 'rype 11)-249 Course Indicator• 1-1 Attitude
- ieltt, by use of coutrtols at his desk, ind lie con (a.yro Indicator, 1016 c(i'ltl'Ois for VNtr'11olt tvlpes
introduce, with or without the student's know- of radios. With this trainer, you call train in
ledge, factors of turbulence and wind| velocity NOI x'I)ME, GCA letdowns, 11,S tipproach and
from any point of the comipass iup) to 60 iniles landing, power settings, unusual attitude recovery,
all hour. The instructor's desk houses a simulated and simulated weather conditions.
radio, autonliaticallv or inanuailly operated, radio
range equipment, facilities for automatic radio
CIcompass and "loop" direction finding, and a key-
ing device to produce station identification and

ll ,ge signals.
The primary purpo.se of the Link Trainer

Course is to teach the navigational procedures
before they are encountered in the actual flight
syllahlds. Link ti mae is prefliglit briefing t ime,
aand it pays ofl in tera ls of faster learning when "
you are aloft. That's why Link instruction nmst
be closely coordinated with flight instruction to
insure that procedures and techniques are taught
idlentically in both programis.

Still, TLinik instruct ion ca a readily be adjusted
to fit your iIdiv'idual rate of learning. An auto-

imat i, recorder crab traces the course of the flight,"/
and the i,.suits on the recurded track can be re-.
-o viewed and evaluated. 1When you receive instru-
"ment flight training on the NAVBIT, you can get'-• the most out of the training by seeing that your

,• lafjnk work stays ahead of your work in the air.• j
'4 ~~If Ulntisual ci,'eumstances catuse voulr air work •••-

to g'et athead of the L~ink, be surve to inform your l' •,"

. inst ructor. Remienber, too, that the L~ink is a

synthetic trainer. You cailot fly pressures, and
you must keep) the Link triminied.

'll JET INSTRUMENT TRAINER
JET EIVIRCEN TRAIFigure 1-3. Device 2-F-25, showing side-by-side
"DElie 2-F-23 seating and Instruments of this twin-engine in-

The Jet Instrument Trainer, Device 2 -F-23 strument trainer
(Fig. 1-2) consists of a mock-up of an aircraft
cockpit, alt instructors console, and . computerI• section. Although it. is a generalized jet instru-
nient trainer, its cockput is esentially a inock-up ihe'l'%vin-Egtipne Instrument Flight "'raiiier,
of the F-•,ý. aircraft. It is used for jet instru- I)evice 2-F-25. like the Jet instrument Trainer. is
rileiit titnimig of both cadets and fleet pilots. tised for instruitemit training alid for training ill

"The outstandin•g feattire of this trainer is its control of tile powerl)lant. It is it "'general"
complete rad io- nav igat ionl eqIjip'melit. Besides trainer that is, it is itsedl in training for a "clhss"
the usual engine and flight instruments, the trainter of aircraft rather than for any one specific plane.
has siiiulated , avigational instruments such as the Thli1) planes it may be considehred to typify include, €', ,

1-4
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F i g u re 1-4. Instrument
panel of the Operational
Flight Trainer for the
F2H-2 airplane, device

2-F-15

lliollng othIers, the PIV, I,41)->,8 and SN B. The unhizlems. Since tihe F]li ght Path IRecorder
"I'win- l':tigitie lstrunnent Flight Trainer is de- atitolitut ically roiiiputes 11n1d records the grolnd
"g'ined tiliiarily N to overt-nine tite hazards of lhnin- posit ion of the tralinel front the stlintr lg position,
ing twilt-elngine inst rinent flying in tile air. It Nm'i can look at your recorded flight pat h and
huts twii-elli Ile coont r ls sian i hr to those ofa large, -etoiies elevation at tile end of the 1rble n an -

twiu-e+iinie c;Veiond jotal it e. It lilSo has see whit t errors voN itoide.
it Side-hv-+,i(h 1h 1i c-()ckj)it wid dul inst Inlitell-
aItio 111 and petritits the training of two pilo)ts to,

ojtJr-te rogthle as a pilot and co-tilt tean. OPERATIONAL FLIGHT
"lhts, it help") pir\'evet ac.ideiits witich ,,iight TRAINERS (OFTS)
occor from ziosi iiterlretaiition of signals olr co .ft-

0ioa of i)rocetitte between two pilots learning O()Ts, unlike the traiiers discussed up to
mistri-atetit flying of multi-engine aircraft. now, tie designed to saaitlate specilic types of

"I'l'e 2-F -.2) i my be used for trui-iing in the
tine pojhiu,- of iIll]tiellvei5, flight phitaiiiig, instrli-

iievit flyivllg., r1(1o inivigat ion, and (dir,-ct iotl-iid-
air foi- otuilti-enfgine la)hes. With th]i tirainer
ytl .1112 Vet practice in (C'A, IlS. o01i11i-atige,

sl~ldarl r iti()o zi- i tit 'icat 1lols, radio (coi)litis,
'+:I i';itln i tt? Ibr+'.

It Iwrilliits i-ttlist c it' oss-oiillit iv flighlt sillnit-

lations with a inaxizunin r-tinge of 2110) iantwica
riles. 'talist h 'llos lltient and sysretell i1nalfi1uc-

44" ntOlls (.1il be 15 tridl('eR wl s weather

1-5
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:ii-cra ft. 'Fleir cockpits alrv ,envi-ii~i uxact .. \iitni riti till- wvith b a ldk.

r e p r es o llf. T h' e ir c 'o n tr o l, - i u nd ilis t r itil e lits 11 , ' 7 . ( 'o n f r o l lo a d i nig .
l; o III l'tl :1' ,'l, ,V as v: ,.silih, to lhi "u.t' the S. -('rash- coll(it tlu.ll

'ot r iol-i'* ii l.it r ,lileliti , it) ill acttual flight. 1n . ]Aaigiltllllnai al:1d diric titollni Sta iliit..
Ro. l•gh :lir'.

I1. Stalling.
12. Maom hiydritulic' svsteiii.
S13. I ,,AIilg grearl and w1ilog ftlps.

.- __ 14. E"nAgine noisR.

I G1 . (I-ot rol t olltll'lttt.

S17. El")gilie Starting.

,•z_• • • • 'l'hi•~, rossi.-ctillilllll];il' li (ia t he ll. z l v u

it -t "1 A ,isii's of slI it- types at ii .rift iiakv -,
a i -the ()VTs ltichuly .snitable for trlnsiti Oll o1

.A,

Figure I-S. Flight instruments duplicating for the
twin-engine trainer operator those on the pilots'
instrument panel are checked by equipment
maintenance Chief .

It.1.1st ItCS l V it-, a ll arly idlent ial as pIssible to t h"U.. -

of the alllr ft. 7

..A s :lnl exii lla h. of hlI, far thi sillilhiltion

, just 1),;k at flit- following li-.I of lit, ilight
,' ,'el..t r-s siillalehdili ill ) OI"I'. Figure 1-6. Photo shows the twin-engine instru-
1. bl.nIul•g-tae-uii--lllhilg. ment trainer components through which flight
2. lBank- -pitcl -to1rit. conditions are set up on the cockpit instrument
3. a,' iviiax-i il' durim-g tirn. panel for the piloti. Note "'crab" at left which
4. l1d1it'atulcd haiii 'it Iturn. traces flight path

1-6
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Figure 1-7. Cutaway view of trailer-installed Operational Flight Trainer, device 2-F-13
for F9F airplane, shows (froni left to right) electronic components, cockpit installa-
tion with student "flying", and trainer operator.

*i'll,.-l'r imil,! ,tf l otli • \vii \Mill 111-0 ltjI,-t' If you ar. face'd with a ilighlt imvolvinig cxrtail-

f~n ,,I •, >.l.'()"1" ;u l~ql ,l:::(Itlltt"" I {'I•' ,'l~lli•( v. ,• lphk'x ,'r-1i.•e c~mdrol pr'obheli., the

5 i'i-' SLI I lt'h I )t y t rii'at0 Iuii, i iii " ll s i M i)l ' tI( 'lai~,'e \loll it, I till t•t, tigi • eholia. al of

%\'i1 i.•le,- b .trhtl-i f ]i il do!i~l t., 1li zi flt l -- l 0 ;-1-o l(;kl(111ý)- ~lk o i
"lTi t, l i 111" i•, il:h rII 'i- -i it ii\t)Ithe liug ! ' tt rl' i " iti"il lifl i it I-o ilk

>il;,'l ll" ,' ii" T . jnWi1,i,,' 1 0 Wt;ll ll Il-o'ib!•!< .l~ 1 ' ~ ll il < \,l l ,,r 'i t l lll' l~~ilt;(~,• I a :--
..- Itoia :kb • l.- .. ill( l I'to 11 1 1vl~ i•'l. i t i)glvtl It'l li v ofl Iv l('I r)'l l t, I]'*•. l • itH •1¢ , < 1"

l~l',,l l~r lli(.li~l:- ;llii i~r,, <,,lIhri l• lot' . 1' i c,- l I lT l c• > : \lu h ~ ,il,-i.,i,. Ii;, r l '.'a -SllI
.,•l~l.-" ."tii,; l iIi_. l ]"'l I'- l1 . ('t l l ) I"T ,il foit ill• 1 ! . r ,• it tl "i-t. l l -

" -? • '- ' •l 'l ll l , ',l l i f"- i e I 'olt' l w"l ' 11 1 -Zli l" O U S - tit t / l "l ' l .ý h) F l , v l i ; kl ( i i ldT ; l k, l u"l\-: , o l , l. o

1-7It! .ifo t II- - 4- -- - - .

A 1 , I _.. (.. .

,-.--,,... u,, ..- - *. -- , . .. . . . .. .",..-. . . .,...- . . . . . . .:,

(.11~~~~~~~~~ ~ ~ ~ ~ "' :7" gl-1;tlýv0.I,ý II1
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IA
..._ _ _ _ _ _ _

SENSATIONS OF INSTRUMENT FLYING

y 011 primnary pr oblem il in list rumient flight Is tioris in irstrurnent. flighit can ii Aislead You
m nak ing 1 rdgnieni~ and taking action gnt irely dangerously.

onl the b~itsi of reporti from Nyour Instruments in-
stend of reports fiom y our senises. In visual
flight yIou orient. yoursef largely on th!s basis of OPTICAL ILLUSIONS
what your eves, inner ear's. and postural senises
tell youl. 'Ill i ristrutmiet. fli gli t, YOU CIan't, see-itI( Wheir your eye.s have enough i nformat ion to
yo)ur inner ear-, and p)ostuiral sense-s often give yon go by. the~y give, Youl rellimbi epot Of V0our'
ruisiad.irg i p fixiinnt-ionl. So vonl have to Ignore sittuation. however, when they cn't get, e tough
yotii iloliid Isensaiition~s andl~ dependl eintirely oil in formiat-ion,. us illi isit riiiietit ('oli(lit~ioiis, they cail

YouI'I ~rtnrnt , te'prt ngtheir roadlingg alt- minislend voiU A ('otifliot exmp,(ifil of this occur's
4, nIuiot. suuleoursciolislv antd I(tcling oil tihem its )ttit,(- whl it(.. thelorizoni is not yi~ilble. Pi lot's somietimnes

unlitticiillhv as vou old oft tie inrformuationi you get. take the linte of it cloud hanik for the horizon andI
fronm your ow~r sense~s. This takes it lot of effort, bank I lieý plane to conform to the slope( of the
ottyu.prt o.i is coii1Y t our lifelong clouds. lt's an optical illusion due to insufficienti

j ~ lhab~its. But 'It's won'thl the effor't, for' von n senisir- vi sutld data.

2-1
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Ski lp.lý Pinlo feel$Ihe is
nbonq lofced

.4 alike. .id-~y, in

STIAIGHT LEVEL COORDINATD TURN PULL-OUT LEVEL SKID FOIWAID SLIP IMPERFECT TURN

Figure 2-1. Sensations caused by centrifugal force

Allother op)tic:l illwioin. ('illed iii (altokilth;C mients (if t.h, eyvehbill mike it. seen as if the. light
il[/,..b o c, u w eliLI Ill yoU ' QoIIIllltlute Oil 11i iligle is Iliovilig.

light and can't see any other objects aoomlid it. Autok;ietic illusions do not hallppen every
Often. 1111der these eirlulstlies, you will see the time to evervolie. They are unpredictable. and,
liglht movinlg when it is ,ctw dl'v st:itioa yv. 'Ilhe therefore. nt any ,,_riven time when von are looking

rva.l-l for this illilsioll is lih? tile l11114.Ile•s which (lt ;It i SinlgZh lieht in the darkness, yon cailinot be
vonitrol your eyeballs nomin milly make involun- sure whether it is ictuially moving or whether you
ta iV lilovellielltS of whilch you Ilre liot ('oll.'-•_iols. are suffering from an illusion.
(.olleqkwntl,. your' eyeballs move and the light Autokinetie illusions used to cause inmy Lie-
L.::1ki 1tes difl't-relt points ild yo:r vet.ii . Nor- cidelts il tit days when [ lof es htlld onlh da 'single
1111y, .voi are not itware of this Ibecase the other light. In fact, it was primarily because of t.his
r',..ft--, 'cp1oints il your fiehld f v'i..siotn let~l 'u v danger that blinking tail and wing't,i1) lights were
know tlitt there Is no actual motion. floweretII, ad~ded. l.:'ven today, thiere is still the danger that,
w-hell yoll coiceltriate oil -. single light and 110 1 pilot flying nigzht formattion with his eyes fixed
()t her. reference p'.Iints are. visible, tile simall miove- oil the wingtil) tighbs of his leader may get the

Figure 2-2. Flying up a
cloud bank

"2-2"I
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Figure 2-3. In both dive pull-out and steep turn, sensation is of being pushed down in seat

illusion that the leader is peeling off when he is It's all the result of the way your inner ear is

doing nothing of the sort. constructed.

Your Inner Ear

EQUILIBRIAL ILLUSIONS Your inner ear is the s.urce of most of your

The (hinger of mtisi|nforimation from your nion-visual sensations of Iltlnce. It, is comlposed

eq Iililrinni senses is greater than the danger of of two prirts-the static (or otolith) organ and

Inisi nformai|tion frontu your eyes, because your the semi-circuht' caalms. The static organ tells

eqi ili hrioii senses aire designed to act pri iiarily you tile dir'ection of the forces acting oni Nou1, and

on the blsis of gravity. 'TIhis it fine on tile groulili, the seini circular canals tell you whether you are

buit in the iir atccelehrtti(i aftects thein in exactly turning or rotating an1d ii mhicch direction. Of

the sitine way gravity does, and yonr equililbriutn c0ur|,y V01u have two inner eirs-lone on the left

seItse (.,ii miislead you coinpletely. As it Siml)le aind thle other on the right side of your head-two

example: in a propIerly executed steel) tullrn-- sli riri' uuigi•.rmind I %wo sets (of setii-circulhr canals.
except wh1ih, elltelillg (ll" ]leavingf the' tillll-- thet

only pIhysical sensation is one of being piu lled Illusions Due to Static Organ

dtown into tile seat, In a ptll -out, the sersitti jolt
is tilte Stmie. Blindlfolded you corrd not tell the FKtuch static o:gnim is a sn all, hollow sphero

differvitie, anrd you could be completely misled. lited with sensitive h1r1's. Poised on these. Iltiri
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Jfr '-illl boly c(I' N-stals. The weight of the cr ' Iv 1(nder such condit ions Nol inight easilN interpret
tals bend the hairs directly beneath them and the increased positive acceleration to mean that
ca iisvs them to senid a messagre to the brain. A\hien you're in a pull-out when you're really in a banked
yoli tilt ,our head, tile boiiy crystals clnge their t urlI. When the visibility is good, you can see that
poisiti(lll ;iiiiu Cl1se other li:ir's within the static yOu atre 'eal l, nakiing a turn and you can discount
organ to be bent. These give the brui i a itiessage tile report fr'oin your static organ. When you
of \vwht t lie new position is. can't see, though, you have no way of telling unless

The s'stem works very well on the ground, you check your aircraft instruments.
hut in tlie air the fact that acceleration also affects
the position of the crystals can cause. trouble. Illusions Due to Semi-Circular Canals
"lake th exaiip~le of a shniply banked turn. When
the plane banks, there is a force of positive ac- The other part of youir' vestibular orgall or
cchiattion on you i i a head-to-foot direction. As inner ear is the set of seini-circular canals. There
a re11.1t the crystals in your static organ are pulled are three canals, each at right angles to the other.
t)Ux•ird your feet. In other %voids, even though One lies in the horizontal plane in your head, an-
Voy, ti altilost lving on v' lit side, you get the other ini a vertical plane from side to side, and the
saZinle sensation as if you were upright. third in a vertical plane from front to back. The

In thi., respect, tile static organ acts very much canals tare filled with fluid, and at the end of each
like the tturn-and-bank ind icator it the airplline. canal there is a ]-title bay into which project small
in a perfect turn, the ball of the instrument is sensory hairs. There are extremely fine and light,

c'iitemd. siiilarly, your stilt ic organ records only and bend with tilany movement of tile fluid. The
thuat i, force is acting directly downward on you. fluid. of course, is displaced slightly (moves

Figure 2-4. Location and shape of the inner ear

SThe inner ear is located in the head approximately as shown and is about the size of the black dot.
Enlarged, the actual structvre is shaped as drawn. The semicircular canals are circular tubes ly-
ing at right angles to each other in the planes shown. -
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oinly fo.r S.;lilt tielli. III the long trni or in a
HAIRS BONE CRYSTAL sudden stop, the liquid behaves almost independ-

ently of tile movement of the head, and the hairs
4tratismit false messages to your brain. Consider
4 now how this call produce illusiols in flight.

Supl)l)ose you lare flying blind and start mak-
Ing ga turn to the right. If tile tWri is slow, the
fluid in the canals catches ull) with the motion
of your body. The fluid ceases to move, stops

/ affecting the sensory hairs, and you have the illu-
,ioil that you have stopped turning. If you act
oil that information alone and still want to go
to the right, you will swing right again, get into
a much tighter turn, and unav start ai dangerous
spiral.

On the other hand, if you stop a relatively

TO BRAIN sharp turn, the fluid in your seini-circular canals,
like the water in the glass. will continue to be dis-

Figure 2-S. Construction of the static organ placed even after you mid tili- plane have sto0)p)Ced
., rotatiIIg. TPhis will give you the impr.ession that

"-ou're turning ill tile opposite direction. Again,
you see that if you depend on your equilibrium

'2° slightly) whenever your head tnunis. Since each senses alone and lact on tiat illusion, you can
lcalill is lit right angles to the other, the fluid is get into a dangerous situation.

displaced with your moIvements int any of the three Another illusion is called the lcan.R. The air-
Sdimensions. 'he hairs transmit messages to the craft may be tipped quiclly in rough air, ald you

brailn telling which way they are bent, and the get correct selsmtiolls of the attitude of the air-
bri'in figures out the direction of your rotation. craft. Then, you may recover the plane so slowly

It's an excellent system, and it works well; that the angular motion is not perceptible and
but it has weaknesses becuise the whole system your senses retain the feeling that the aircraft
deppems on the slight displacement of the fluid is still tipped. The impression may be so strong
withinl the . callil. In the first place, the sensitivity that vonu will lean over to one side in 1n attempt
of the semi-circil:1r canals is limited. A slow to assume. what you suppose to be the vertical.
eit yv into i tilil: lill not get over the threshold 'hiat's whvly It's called the leans. This sensation
of stimulation and may not give the sensation of is o0e of tile strongest and most frequently ex-
vultrlv into 0i ti11111 lit all. Sec()ondly, when there are 1lerielced in instrument flight. It gives false
setllsilt oil".. t hey liiiiy be misleading. You can
readily see how illusions arise if you compare the
(isl)lacemeIt of the fluid in tile semi-circular
ci. Illils to tlite mllOVemlenhlt of water in it glass. If
yonl tiurn tile glass rapidly. the wvater wvill tend to
Astand still. If you stop the glass quickly after

turlling it rapidly, lie wltelr will tend to remain 4 -

ill illotioll.

The salue type of rhilIg hluppens in tie sell-
('imal11s,. m'~ l|] o}II Il it N(I' v 11111ch .•lllalllor Scale.

of course. The. displaiclenlilt of the liquid in the
calills corresponds to the movements ,lf your head

.• , ly. it' the rotation is relativelv slow Itld lasts-

2-S
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impressions of both bank and pitch, particularly sensations alone, without vision or instruments.
after entering a cloud in a turn. you can't distinguish between a slip turn to the

left and a skid turn to the right. When the air-

Illusions Due to Postural Senses plane enters an updraft, for example, you might
think you were climbing because you are forced

Your postural or deep muscle sensations are down in your seat and feel heavier than usual.
caused by the stretching and contracting of mus- Similarly, when the airplane enters a downdraft,
cles and tendons, by the shifting of abdominal you feel lighter than usual and may think that
muscles, and by pressure and touch. Over the you are diving when you're actually in straight
years, your brain has established a relationship flight.
between these muscle sensations and your position VERTIGO
with respct to ground and other objects. It
combines these muscle sensations with those from Each of the illusions discussed up to now
your inner ear and automatically interprets them result from relying primarily on the limited re-
as position reports. ports of one sense. This is not often true in normal

Such i terpretations can be misleading and visual flight because, generally, you can compare
dangerous in flight because the brain translates tue reports from all your senses and learn your true
the sensations as if they occurred on the ground attitude. IHowever, when visibility is not good
and were connected with gravity. Thus, you mis- and you can't test your sensations by what you
takenly feel the effects of centrifugal force and see, the various sensations can mislead you com-
acc'eleration during flight as rising, falling, slip- pletely and cause vertigo, the symptoms of which
ping. or tilting from side to side. From these are dizziness and disorientation.

Whe.. ,s.taght Il a be•oked But tk. positive
and level it tn it ,houmw acceleration maes
60&1t Iike this loo& lilt this 0 " I sl ke this

Figure 2-6. How you can
be fooled in a banked
turn

ý ,•IDENTICAL SENSATIONS

THUS YOU THINK YOU'RE STILL STRAIGHT AND LEVEL
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,,"CCULAR YOUR SEMICIRCULAR CANALS CAN FOOL YOU YOUR SEMICIRCULAR CANALS CAN FOOL YOUNALS IN A SLOW STEADY TURN WHEN YOU STOP TURNING

OnyC.4., 1 Co..d6 '.1. , . • ' • / o ., • . .-
R ~t Ooly .,.I, moe w 4111. CiaI 00o,41. cackhot u Fluid c,4o wes, two

0014e Ismo, catied Flid• ames wit .*16

TO BRAIN_

IDENTICAL SENSATIONS IDENTIAL

bSENSATIONS

- IN A TURN TO THE RIGHT,IN A SLOW STEADY TURN STRAIGHTEN OUT AND YOU.LL LEARN-
YOU HAVE ONLY TO WAIT YOUR CANALS TELL YOU LES

YOUR CANALS CAN DECEIVE YOU AND SAY "IN A LEFT TURN"

AND-SAY ,FLYING STRAIGH)"

Figure 2-7. Semicircular canals give misleading sensations

As an example, consider the situation when A similar type of illusion involving the static
you make a long turn to the right. As you begin organ and the eyes is called an oculogravic illusion.
your turn, your canals report correctly that you It occurs whenever the sensations from the static
are turning to the right. However, because the organ are strong enough to override what the eyes
turn is slow, the fluid in the semi-circular canals see. In a violently banked turn, for example, you
stops bending the sensory hairs, and you get the
mistaken idea that you have stopped turning. Of
course, if the visibility is good, you can readily
see that you are still in the turn, and you ignore
the report from your semi-circular canals. Sup-
pose, though, it is night and only a few lights are
visible. Since you cannot see much, you have little
visual evidence to contradict the illusion that you
have stopped turning. In fact, the brain may well
interpret the message from the eyes as in agree-
ment with the illusion. So you might go right
ahead. swing right even more, and you could con-
tinue turning till you got in a most dangerous
spiral. This type of illusion involving the eyes
and the senii-circulr canals is called an ocidogy-

? ra! illusion.

2-7
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C11ld easily interpret the Affect of the increased impaired. So never try to fly half VFR and half

positive a'elehrat ion on your static r-gan as imldi- IFR. If you hiave any doubts, go entirelyt " on

iating that you were in it pull-out. With good ilst ru ilents.

visibility, you could see that was not so, and your
binin would change its interpretation of the ina- YOUR SENSES IN INSTRUMENT

ktllse.z from the static organ, Ilowever, where FLIGHT
You could see little, the definite sensations from
your static organ would influence your brain to It is easier to say that you must rely oln yourSiake your visual clues agree. You would then be instruments than it is to do so. All your life,

under an ocu!agravic illlion, believing that all your intuition and your training have conditioned
your senses showed that you were in a pull-out vou to orient and balance yourself by the corn-
when vouv were actually in a turn. binded reports of your own senses. In flight, when

All this points to one thing-reliance on your you get the same kind of sensations, your brain
instruments. They're the sure answer when you interprets them and tends to react. as if you were
can't see well enough to orient yourself correctly on the ground. This is all the more true in

by 'our seulses. But you've got to make the de- instrument flight when your best check-your
cizion to go instruments early. You can't wait vision-is not usable.
till you start being disoriented. If you do so, you Of course, you can't Iprevent these sensations.
may become panicky, and your judgment may be You're bound to have them because t',at's the way

Z ~downdrat sensations I

-r.. I ULIGOT

Ila ID
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jtn' or wilses work. But you can avoid being mis- almost inst antancous picture of your situnation.
led my them. Overconfing your natural and long- This takes hard study and consistent practice.
przictiiced halbit of depending on your senses re- Thirdly, take into account that using your
quires unoderstanding of the sensations, knowl'dge inustri-nieits is a little slower procedure than using
of the instrunumients, and practice to the point where vour o\Vwn senses. 'Tests show that you interpret
- leading the instruments becomes as much a part the actual horizon about one fifth of a second

vof yur habits as using the senses you were born faster thani you interpret your instruments. You
with. In fact, the instruments are your senses nitke a recovery from a dive about one and one
inI instrument flight, half seconds faster in visual conditions than when

you tire on instruments,
USING YOUR INSTRUIMENTS Foturthly, remember that in instrument flight

AS SENSES you are more susceptible than usual to the stresses
of ,light such as fatigue, boredom, and hypnosis.

To use voumr instruments as effectively Lon Ilg instrument flights often result in fatigue
Iist first know your instruments and develop and boredom because you concentrate on your ili-

ifierst know th .Your instrumentstand develop strumelits and have no changes of scene to divert

eac oftheinsrumntsoprats ad te sgnii- your attention. As a result, you may even b3e.
elnte of the r dinst um ns o p e ra teh.t e si n f subject to som e degree of hypnosis. T he darkened

Secotdly, y oui must learn to interpret the cockpit, the roar of the engine, the sound of the
"c(onlbine(I reports of your variouts instruments sliplstream, nuy Ill]] you into a state of semi-hyp-

u ,ts yon interpret the combined reports of your nosis. ro counteract this, occasionally move about
owsenses. Avoid fixing your attention on one in the seat, shake your head, and change cockpit.
instrument. Learn to scan the panel and gain an lighting.

""S,.'

.:°.._ --

Aqrv

-, .--- 7
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4

PITOT-STATIC AND SUCTION INSTRUMENTS

THE pitot-static. and suction instruments are PITOT-STATIC INSTRUMENTS

grouped together here because both types are
actuated by air. This chlapter thus covers vir- Pitot-Static Tube

tually all the non-electric attitude or speed-indi- Thc souirve of the pressuies for operating t.he

cating instruments in common use today. airspeed indicator, the vertical-speed indicator,
The pitot-static instruments measure pressure and the iltimeter is the. pitot-static system which

,,* lpressure differentials. They include the air- provides two kinds of pressures t, the instruments
.speed iIIdicator, Macti luieter, altimeter, and verti- it. serves. The pitot piart of the system provides
cal-speed indicator. The suction instruments de- the imlpactt air pressure---that. is, the pressure of

pend on g•yroscopes which run on suction from the the airstreami as the planeI flies thirough the air.
engine-driven vacumn pujiup. This group in- The static part of the system provides the still air
eludes the air-drivei, turn-and-bank indicator, the pressure-that. is, the pressure of the undisturbed
gyro-driven heading indicator, and the horizon air at the flight. level.
indicator. These instruments are. also manufac- There are three major parts to the pitot-static
t ured in electrically operated versions which are system : (1 the i(ln)act-lresure chmttber and line,
discussed in the following chapter. (2) the statiic-pre.sure chamnber and lines, and (3)
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the heating unit to prcvent the icing of tlie pitot than izoitinal, have tile tlush-type venit s checked for
tube. Vp to a short. timni ago, all three parts con- clogging.
stit.uterd a single unit-tthe pitoit-static tube.

Recently, however. the pitotf and static sources Operation of the Pitot-S atic System

wel'e separated in soome air'craft in aln effort to i1a- The pitot chamber receives tile impactt pI e•-
prove pitot-static p e r f o r in a n c e. Where the sure of the air on the open pitot tube ams the air-
sources are separted, the impact. pre~ssure is taken craft moves along. The static chamber, if it is
from the pitot tube (mounted on the leading edge contained in the pitot head, is vented to the free
of the wing, the nose section, or the vertical stab- undisturbed air through small holes on the top

, ilizer), while the static pressure is taken from and bottom of the tube. For most accurate op-
the static line attached flush with the side of the eration, the pitot-static tube should be parallel to
fusl.age. Oin nmost. ircraft using a flush-type the line of the relative wind. To achieve this

S static source, there are two vents, one on each side condition, the tube is mounted parallel to the
of the foselage or nose. This is to comlpenoate for longitudinal axis of the aircraft.
""ibny h•ibi err'or iln pressure that might. oceur Ihn most conventional-type aircraft, there
on one of J.hc vents when there atre erratic changes is til alterinate' source for static Pressure in case
in attitudle, as in a steep turn, or roll. The vents of an emergency. This source usually t•o)s its
tare connected by a Y-t.yl)e fitting. It. is impor- pressure from within the cockpit. Because of the
tant to check the flush-type vents visually to s venturi effect from the flow of air over openings
that they are not clogged, in the aircraft, this alternate static pressure is

Sometimes, in certain air,-raft, aill abrupt. usually lower than tie l)ressure provided by the
-movement causes a1 momentary loss of impact or pitot-static tube. Therefore, when the static
static pressure, and this causes temporarily wrong source switch is placed in the alternate position,
indications onl the vertical-speed indicator and on the altimneter usually reads higher, the indicated
the altimeter. Such erratic readings are particu- air,--peed is greater, and tile vertical-speed indi-
larly noticeable on the vertical-speed indicator, ctitot i momentarily indicates a climb. Wlhen pos-
where they appear either as brief, excessive verti- sible, check the alternate source in flight before
cal motions or as motions in the direction opposite going into instrument flight conditions
to the actual. If this effect appears to be greater Jet aircraft and aircraft with pressurized

SOURCE Of STATIC
PRESSURE, PITOT-

STATIC TULIlT
PIlOT

(N ~CHAMIER

P~lT TBESTAlK PITOT

I• ~OUaCE COCKPIT Aim YAI /.

(NAMMR~l HEA~TR
STATSC LTUB E EIEMENT M

10 AIRSPEED. RATE
OA CLIM, ALTIMETRA'

Figc L• -. Ccnventi',.raI pitot-static tube, static pressure and oI".r'--atg static source._.-
SCUCECCPI2l
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ALY V'$ AiS

PITOT LINE

SISCHEMATIC DIAGRAM

HEATING LINE PITOI.PRE$$URE
CHAMBER

STATIC LINE

S OURCE OF STATIC P21SSJ*I GRAIN OPENING PITOT-HEAT ELEMENT

Figure 3-2. Flush-type static source

cm-kpits are usually equipp)e~ld with the tislh-tyl fsiCtype
"velit :lr 11(1 Iltit sllit 'e. Oii SUILh a-1 ir''aft, it

tile p tot-static system fails, first (dump cahili --

pressure, thea break the glass of either the air-hkvliuldicatol. or tile altinmeter NNIth it Sha1rp1 ill- m., :v •••___•__• '

,hll 1|lligi • I liI l.st I'll Iielit oii liudilig thi needle. -.

'Ii'e i ,st I'll ,lie .ts I,.ill the I, I ead with ii pproxilhii-te
II'('I'lcy. If you must use a blunt object (such l
Its your heel) to break tile "iass, smash the glass
illt h' l'it er ial-spevwelI ik Wdit'l orb)eeanIse it isthe le.itt PI-
e'-seiitial to safe flight. Witht this pluocedu.e, oi,\-
teVl' tilit i:,-tlunii, llit r-ints ilt not be cor - Occ iO

If tile v'rticll-slieed glss Is bloken, it will read -

ill reverse, mid the othier l)itot-static instrutiments CON EITICN
will have kk lroiuouuced lag iil their readings.

AIRSPEED INDICATOR

'lit. ;iospjeed iliditimto is a differential pres- 1siirt, Iil.t|'umene . It |weasiv,4u e t~he. (Iifferen e be- . i

t\veen the illlact presslure a11(l static pressure, and I .
o livells it Into iii iici':ltiou of speed. Tite case . STATIC OPENING

of thit ujispe, ld ill(i('ItoI. (Wilihl I is rii-tiglht) is -•

cuLmil -titi d tu tihe Z-tlltiU' line froill thie pitot-stati' ,
tub. Iii~uh I ie is iSa 51111 hiuhllluglu ~~eDRAIN OPENING PITOT OPENINGt libv., lis.id , Itile t'a:-.s Is :I silla ] ll (II)Il'-li il~l Illalde

P1101 STATIC 11.131of phlosphor br|onze or eierYlli|||i coppler'. '.['l Ie zo~c~

(ili)IhIIa-Ili, whilM is very\i seinsitiveI to (1':11 geS ill Figure 3-3. Airspeed indicator, with pitot and

Sl)l'S.l re, IS , 'cOlu1 'ttd to tLh ilupir):t't l' Sshl, t r li;e1, static connections
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'I'llv I dlhii i, () I S ii' lcted t ro'ugli a serie. Il it series of leve% ' utl gears to oIh fucc of (lit'

of levers cI d geilds with tile free side of the instruetlet' The dial is so scaled that t-he icele ..
S di aphrantg. • :indicates the lpressure d&fereiitial-ill knots.

"AVheii fle aircraft is stiatiolil'.V. there is no1_
difi'ereuce bet w-een the pitot anid stat i: pressures, Corrections tJ indic-itetf Airspeed

mli t'h pointer is at 0. (See Figure 3-3.) When liere are fowr ki iik of a irspee, l figtres: indi-
the aircraft moves tiroughl the air, however, the cated, cilibr'ated, emliv'alevit, and I role. Indicated - -

p!e.•smvie in tie. impact line becomes greater than iai ispeed is tlie ail1speed read directly froin the

the pressure in the static, line. 'Tile faster the instrument. 'lliibraiod airspeed is the indiý,ated
a iiri ft i ,oves, the greater the presloire differ. airsueed corrected for instrument installation - '

I I i:il l)ticimlcS. -i , 'e I Ill- dilpiii ra.rn is colnllected rlr'or. E(l!iVithI'lt airspeett is C% libiirated airspeed
(IIe,:rtly to tihe inlhM,' pressUre I] iie, it is expanded corrected for coiiresihilit error, and true aOr-

by ti i iraIPease ill iil,,,mct pressure. (See Figure speed is calibated airspeed c0rlected for altitude
.. .3-4. hIlie expauisin or contraction of the dial and temperat ure. "..
plirag'i, in t util, cit .ris the posit ion of the needle he' indicated airspeed his to be eorre'ted for

Figure.3-4. Diagram of airspeed indicator operation
0 ')p'ration.--The Air-,,-vvd In
dicator inleasuvei; the difference
between Impl ct air-liressll'e iI nI

tf13'lt iirpr- ir. illpact Ives-
sure is supplied by the itItot side
Ot the Pitot-StatLc Tube.

PRINCIPAL Fta1th. JIirl r MI-ir- 5, IeA t.1 thie
PARTS Isiide Of tie Ihstrunmeint case by

(I) DIAPHRAGM ihw" static side of the Ilitot-Statii'
Tube.

()ROCKING As thet spe'ed oIf the( Ilirp. niP in-S creases, Ihpact pressure beconiesit, (3) SECTOR greater and greater, ard this re-
)P I 1suits ini an hI c'rea.singly wider tilf-

.o, (4) PINIOtN ferentlal between ipiltact and
No (5) TAPERED static pressures. The dIaphraiigur

STAFF (1) eXlpands mollre will Imore ati

(6) POINTER ilihe pressure Inside It is btilt ulp;
mletaisurC llem nt of t 'ith liililiit (if ex-

inisn(lOn gives the Indilated ai r-
Ieed zf thti e IIaircraft. T hr e tlink-

=,l~l~ im lige isysH" e i III nmt111pllfy as weill
-• , a~~i s t r im ls illil t hi s m li n ul te lllO t |o l,

The linkage systepr operates

very siiply. When the dia-

phraimiqli exl~inldS, tie rOlkilg./ / -'-"• .~haft (2) picks ,up tll(, ,,,, ~.t,,,"

' " t rtinsilltm It tii tile 4ector (3) ; the

7 5 latter turns the pinionll 14) 11(1-

, the tapered :taff ( 15). TihS1. Jlimititr ill), which 14 a~thachued to)

',he1 ," .l6 l , r tf l taff ] tes a 1ollidA~ ,,i lI,,,,,,,, 4, _tri-d i(
~~~ twI i it. anid Catiqer 11 I to follow it con)i-

3-ri4i' g dhlllhrlg i i i i f ils
_-• _/1 2 4 3
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t ii.tltl iol errOr' because no pi ot tube installation
CII 1, 1c fect. As a vesullr. the diflferential actu-

-it .l y estab Is by the pitot tube is slightly ditf'er-
:. :eut from th( differentinl pressure it should estab-
I 'i ]is the001Oi,'illv. Y-l CIai ,hII 'l \ the calibirated
irsl'eed (i('.AS) front the indicated airspeed
(1AS) li' using the calibrati,,, ca:d in the air-

-cri.aft,"l f There i. Ito card0 , Cadsider the calibrated
S!tir.sjeed to be tile taMe 1i" the indicILted airspeed.

1'o convert calibrate(d ait-hped into equiva-
lent mirspIeed. you Twist tnke the compres.sibility
errio ini ito nvn lllt. 'l'his error is due to the fact

that the nliigle of airflow across tho head of the

.__ _:litot tube d-1ere.,ýPiu as the speed of the aircraft
increases. As a resuilt, the air mnolecules are coir-
presse before entering thl, tube and they increase
the I)ressirp in the l)itot line above what it sh hild Figure 3-5. Maximum allowable type of airspeed

be. At Sipeeds below i.50 knots ind lit altitudes Indicator
belo,v 0l,UtJO feet. the coinpreýýsibility error is
practically negligible; that's why it ha., not been .sed amid airc raft attitude is controlled so as to
considelred important nutil recet-ly. ,,,I can obtain a predetermined airspeed.
find a Table oif cio-rttiions foi (comlresibility in The indicated aiislpeed at which an aircruft
the Op...rating Ila idbook for your ta'reraft or you will stall is the same at any altitude or tempera-
van corroct CAS for comnpressibility on tile Et;D tu'e. The airspeed indicator therefore provides
(-on itet- t• explaiued ill Chaprter 10. ta correct indication at all altitudeb oif safe flying

Tie final cotreCtioln--oretict ig for air-deii- speed. It indiE.ates iminediately, with very little
sit v eu'or to get true airspeed (TAS)---is the most lag. any chitigei in aircraft speed. At times, there

tiioltrt ut of :ll. Usually the TA S exceeds the illpers to be a lag ill the air.speed indicator, after
('AS by a consideralble ainouint. The difference the aiicraft. lms changed attitude. But that is not
lbetweei 'rAS and (CXS increases withl altitude -

bec(,ise the airspee(l indicator is calibrated for an-
at in)lIhvri'c pressure of 29.!)2 iln. I[g and a tern-

peratilie of 1.5o C. and it cannot adjust for changes ""
iii dleonsityv. You make the correction for altitude
ali tenipleratuire ( air deuisity ) on the ii Iavigatiounal
collilllter. tsee ('Chapter 1t).) The ill)ortance of
tiiis (correction is shownii by the fact that, at very

hligh :lt itIldes, tfhl true airiv)ee'd may be double
the In-licaiti airspeed.

Use of the Airspeed Indicator

lIl c, ilbs ;tl:l dec'iuts., tile atispeed inidiciator 2

SetveS [Is It gliidle for cnt rolli•g the attitude of the

tiraft. Although in chlimbs ntild descents, the
horizto l inllicattlr is the )riulnnr1v istrilieiit. the

tiru-t.li-(l izliratulz, is iIni i aliit ts :a basic cross-

'htek iirst-in•ieiz iu tot liig the attitude of
, the airc(raft. l'i(,leteriiiiteid power settings are Figure 3-6. Airspeed and Mach-number indicator
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moved by an aneroid diaphragm, which operates
on at inospheric pressure; so in effect it is an al-
flineter scaled to show aiaximuin allowable air-
speed for the pressure altitude encountered. It
doex not xhoir actual Mach numni7er at all. Like
the "red line" on conventional aircraft airspeed
iidicators, it shows just the maximutn allowable
airspeed.

4 "The other type of airspeed Mach combination
(shown in Fig. 3-6) is mechanically similar. In

Slthis instrument, however, the aneroid unit rotates
a movable dial so thatt at aislpeeds in excess of
150 knots the single needle indicates both the air-
speed on the fixed inner scale and the actual Maeh
number on the movable outer scale. As the alti-
tude increases, the Mach scale moves so that the
Mach indication reduces properly for the. preissureFigure 3-7. Vertical-speed Indicator
altitude involved. The diaphragm1 which drives
the needle and the aneroid diaphragm which
drives the Macli scale are not connected to each

a lug, ill the indicator. It is the aircraft itself that other in any way. At low altitudes, the movable
i• not 'limiging airsl eed is rapidly as expected dial is masked by the stationary dial, which is
be,',wse time is required to chiame the nionienturin graduated in knots.
of the aircraft. The range of the instrument, is 80 to 650 knots

The airsl)eed indicator is also a most useful lAS and 0.5 to 2.0 Mach namber, with a maximum
initrmunent when flying th'ough turbulent air. operating limit, of 50,000 feet. The instrument.
IPeference to it permits the pilot to hold his air- also incorporates a landing speed index and a
speed within safe limits and,by varying the power Mach number wtting index. You can set both

setting, to maintain altitude. indices manually through a knob at the lower left
hand corner of the bezel. You can set the landing

Airspeed and Mach Number Indicators speed index from 80 to 145 knots by turning the

There are two types of instruments iti naval knob in its normal out position. You can set. the
aire'a ft which indicate both airspeed and Mach Mach limit anywhere in the entire Mach range by
numnber. The first of these uses a needle to indicate depressing the knob and turning it.
the limitinq aii-peed for the operating altitude,
while the other uses a movable scale to allow the VERTICAL-SPEED INDICATOR
air-:peed rieedle to show the actual ,al[,t nuinber.You must distinguish clearly between these two The vertical-speed indicator, often called the

types, as their use is different, rate-of-climb indicator, is of extreme value during
The first type properly described as a Maxi- smooth, precision instrument flying, as it provides

iiantl Allowable Type Airspeed Indicator, is the pilot with the first indication thati a change of
shown in Figure 3-5.' The needle whilh sh,,ws the altitude is taking place. This is the secondary
ajaximaui allowable airspeed is adjusted to a spe- pitch-control inst runient, the primary instrumenit
cific maxixiluixi allowable airspeed at sea level oit heing the horizon indicator. The vertical-speed
a astandurd day. Then, after proper adjiustmeit, intdicator indicates the rate, of clihnil or deseent, by

it indiccates the maxiinum allowable airspeed for ntcasuring the rate of change in the atmospheric
alny altitude. As the nircraft clinibs, the inidica- pressure.

tion of the needle goes lower, This needle is In effect, the vertical-speed indicator consists
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f ol-wi l it ir (ii1lmiher inlside allothelr. Ihle. inside AS y ; liuo%\. atiliiospher'ic tr.ý Ire (e- -

hitiaber is it diaphtragmii simiila r to the one used Creases lit i giger lilt it lide. 1)urilng a cinib, tihere-

ill tie airstpeed i nd icator. It expands wiher the fore, the trapped pressi're inside the case is higher

inside air pre.siUle I~colines -ietter thian the out- thlali thait f tile arlllosplihee alid higher than that

side air tipros.iire, lilt(1 it contrac(ts when the inside ill the 1htl]i. Thus a Vt lhuh, the dill-

:irl pressute kwollies less than tie outside iii" pres- 1hi igii (oaititartsn during I descent, it expands.
sure. The outer air chamber (the one around the If tlie cinib or destcenit is ionre rapid, the degree of
diaphrlagmi) is the aittight case of tile instrument cotiraction or expaiision is greater alnd the plointor
itself. The diaphragi' is connected directly to tile show,, compu'arably greater rate of climb or descent.
statiit line o)f the piot-static system: therefore As tile diapli'll(T ilal pproaches the limits of its

the air iisihli the (liapii]ag~i is at aititlospheric ;Ibilitv to 'olutlcIkI or exp)alni(d, each thlousaind feet
prei-,•lle. Tile (':1.w is ialso collliected to the static of l(t(1itioluil v'ertitali speed causes ia smlaller-
]itie but by a very stiall Opening called ia capillary amn Olit of contraction or expanlsion. That's why
tutbe. tie face of the instrutient (see Figuire 3-7) is cali-

A\hiic thIet atniillispl'iCi pressure is constant, bitted to siow each i(idit lial:l thousand feet of
the air piressuie ill tihe (liilJ)hI-rIg and(1 in the in- vertical speel as till ever-siniller unit oil tlie dial.
,trunient vase are equal. At this time the needle, '[hle flowN of airi thirougih tile Capillary tubp is
w, h ich is conin'eted to tlhe flexible diaphragm, alittItlitallt v ronttrolled so that. variations ill air
reads zero. A..; the ittosplheric pressure changes, density (tile to ciatliges inl teniperature atind ttnios-Uithe .•esstiie oif the air ill the diaphragin keeps ull) liherC ivres•iri do tiot materially a ffect the .1-

witi theie change, buit thite lit till th- ca-, lag-, be- dicati io.s of the i listrI'llntellt. ( Note. the interior
hl]itd beciiuse it hats to leak thr'ougih tiie capillary view of a vertical speed( iii(icltor shownl in Figure
tube to chanle towlard the new ptresure level. 3-8.)
Thus, ia diftferential reissure is established be- The \tertict' .... hi ( i.ator is reliable whenl --

t weei tlie inst olt aiicoius static pressure ini the dt•t- ever the rtlre I i., ,' -iti ('scent is fairly constant.
1liitnagni tiu(t the trapl*d static pressure in the It usuallyk i C0i1 I !,. illso •when you have been -
Case, aind the diapdhragm expiands or contracts ac- flying level att. 'Ihitb or descent ; in these
Ucortiiiigly. A systemii of levers aml( gears trans- cases, tholigh, there is it smlll liag before it in-
nits this expatision or contraction to the pointer dictites the full rate. However, when you have
to indicate the rate of pressure change as a de- been climbing or descending and then level off or
scent or climb, change the rate of vertical speed, there is it notice-

able time lag before the instrument reads correctly.
'I'l'h leak in the. case is so calibrauted thtlt it

taillntaiins a definite ratio betwveen t lie pre-sistire in
the dillhriigiii aind tile pre'seC55ii ill the (i've so long
ais•It a'O1stmlit ritte of (clllm (o1r descetl) is iiiain-

tilinedl. WVhieni the tiircrtift. levels off, though, it
t ake•tihe vitliuiiiated leak fr'onm 61 to 9 secondls to
equalize tlhe Pressul. e ill t le case withi toe p)r'eIss'ure
ini the diaphii'ugii. '[his cltases it hig (If f romi ( to

9 secolids in the indicatiotus of tle instrumelit.
WIt'nti tlin all'-ciaft is descetidilng, tie pressure in-

side tie diIrphl'lligii is Itcreasing. Agaiti, tile c .al-
brnledl leak Illi1ill1hillis 11 u stt'll iltl I-l' ati~oll betweenl

. I -'-" itie pres.4.•iie ill the( di1ilphriliflU ullid the plressure ill

1 lec iIldicat lions of thc I erl ical-speed itidicator
Figure 3-8. Cutaway view of vertical-speed ivme nlt tI-elailihh ill ext teiely iiiough 1imt or' %%]lell tileU• -• Indicator ltlitt11d11 oIf ti hr rilcriift is colistiitlv(l chinigiing.
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"Ilhi.1 is duie iI I p't to (lie lag in the it-strunient, More aineroitlsd . 1tirtight cell';, from which 99
Still, you can use the instrunment to an advantage percent of the air has been evacuated. The more
for indications of nose attitude if you have a airtight the cells involved, the more sensitivity is
thorough luidersta nd ing of the instrument's lag obtainable. As the pressure around the dia-
dliid consider this lag in interireting the indica- piragni (t lie at niospheric pressure) decreases, the
tiot11. diaphragmn expands. As the pressure around the

henienieher, though, that in a tew aircraft diaphragm (the atmospheric prea.,ure), iiicccascs,
equipped with the flush-type static air source, all tihe diaphragm contracts. The contraction or ex-
abrupt movement of the aircraft or a change of pansion of the diaphragm is transmitted by a sys-
power setting mai cause moentary pressure tern of levers and gears to three indicating hands
c.hanges at the point on the aircraft where the flush on the face of tile instrument.
sources aire located and inonientary wrong indica-
tions on the vertical speed indicator and the al- Reding the Altimete
t inieter. These erroneous readings are very brief. There are many types of altimeter dials in
I )o not "chase tile needle." Wait fir it to stabilize, use. The sanme basic dial is found omi all of them,

If the pointer does not read zero when the air- but some recent changes may cause slight confu-
craft is on the ground, turn the zer, adjustment sion at first.

screw or knob to correct the discrepancy. The old type, which is shown in Figure 3-9,
may still be found in a few aircraft. The largest

THE ALTIMETER pointer shows the hundreds of feet, each numeral
indicating 100 feet; the broad short pointer shows

The Importance of the altimeter cannot be the thousands of feet, each numeral indicating
overrated. Particularly iml)ortant is the piroper 1,000 feet; and the little, slender pointer shows
setting and reading of this instrument. Many :he tens of thousands of feet, each numeral indi-
aircraft accidents have been caused by faulty set- eating 10,000 feet. Thus, the instrument dial
tings of the altimeter by the pilot. Some midair shown in Figure 3-9 reads 13,455 feet altitude.
collisions, for example, can be attributed to failure The altimeter setting (30.3 in. 1Ig.) shows in the
to maintain the proper assigned altitude, because small window. This type of altimeter dial has
of improper settings. More recently there have been abandoned because it is too hard to determine
been an increasing number of accidents caused by rapidly the thousands and tens of thousands of
improper reading of the instrument---often 10,000- feet, particulraly the ten thousands. In jet air-
foot errors.

This chapter discusses only the barometric
type of altimeter--one which measures altitude
on the basis of the relationship between pressure
and height in a standard atmosphere. Radio-
radar altimeters are discussed in Chapter 5. The
type of altimeter discussed here is like a barom-
eter because it measures the weight of the air-
above it and calibrates this data in ternis of feet
of altitude.

Thie altimeter case is airtight except for one
opening which is connected to the outside. air
through the static side of the pitot-static tube.
The pressure ii the static tube and in the case is
iualways the atmospheric pressure just outside the
airciaft. Inside the case is the diaphragmn-the
part of the instrument which is affected by changes
of atmospheric lpressure. It consists of one or Figure 3-9. Old-type altimeter dial
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S. 4

Determining Altitude
A.in :altimieter reading of 9,000 feet does not

necessarily mean that you are at 9,000 feet. You
ti re reiely at ani indicated altitude of 9,000 feet
abolve mreanl sea level if your altimeter is set to

%• the local pressure corrected to sea level. This is
not necesAirily your tupe altitude, nor is it your

Al altitude above the terrain.
By definition, altitude is the verLital distance

from some reference point. The following types

4ouof altitudes and reference points are important to

IF _oTrue Altitude is the height, above sea. level.
Ab.wlute Altitude is the height above terrain.
Prefturc altitude is tire height, or vertical dis-

Stance, front the standard datum plane. This is a

Figure 3-10. MB-I altimeter

N •craft especially, the plane niay ciin ge aItitude by
l0,O011 feet very r-1pidly.

This lyroblent has been attacked by two new
altimeter dinls. ()lie uses a larger 10,000-foot
pointer which reaches the edge of the dial, and it

also hIas a cross-hatched "flag" which shows when
the iltitude is below 10,000 feet. The other has
no pointers except thle hundred-foot pointer and
show\s thio.-ands of feet as nincrlleltS,

The t - (see Figure 3-12) witas developed Figure 3-11. MC-1 altimeter

both it i: new tiltitmeter andi as a conversion for
older model s. It has a cross-hltclhed "fliig" on the
lower part of tire dial irild, i istead of a 10,000-
foot need h, it ]ras a disk witi a I)Oititer extending .. ...
out to the edge of the dial. There is a i hole in the
di4<k ýo loirtted tIat at about 15,000 feet the edge
of tire firag j st bharely slhws. At altitudes below
10,00) feet tire whole flag shows.

The M('-1 (see Figure 3-11) is probably the
easiest altimeter to read, though it looks rather
diffeiiret w'when you first. s'e it. The single long
piointer 11(di •ites hindreds of feet ortly. Thou-
s•nnis of feet show as nurnerals iin tine window on
the lft side of tire dial. Below 10,000 feet, the
first nuneral box shows a cross-hatched area, thus

, ,NlartliLmr the pilot that lie is below 10,000 feet. Figure 3-12. MB-2 altimeter
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PRESSURE TRUE ABSOLUTE 1lroprite correction to tihe indicated tlt itude you
ALTITUDE ALTITUDE ALTITUDE - get the calibrated altitude. However, niless ex-

treine accuracy is required, or if there is no cali-
bration card. you may substitute indicted alti-
tiude for calibrated altitiide when You correct for
free-air temperature in determining the actual
altitude by use of the 1',-61D computer.

Setting the Altimeter

The various factors of selL-level pressures and
Figure 3-13. Types of attitude telml)eratures require frequent calculation to de-terinine trite altitude. If the pilots of two ap-

proaching aircraft had computed their true alti-
tude on different pressure-tenl)erature data be-

theoretical plane where the air piessure (cor- cause of the different areas through which they
rected to plus 150 C.) is equal to 29.92 inches of had flown, it would be very hazardous for them
inercury. t-o attempt to pas. To achieve vertical clearance.

Density altitude is pressure altitude corrected therefore, all aircraft in an area are given an arbi-
for temperature. When conditions are standard, trary pressure level known us an altimeter setting.
the pressure altitude and the density altitude are The weather officer comptutes the altimeter setting
the saiie: .f the temperature is abore standard, the by use of the barographs and scale. every 30
density altitude is higher than the pressure alti- miuutes for sequence reportS and on request. The
tilde; if the telnperature is below standard, the altimeter setting may be generally defined as the
density altitude is lowe, than the pressure aiti- lressitre ill inches of mner(cury of the reporting
tude. station corrected to sell-level pressumre.

The first step in determining your actual al- Setting the pressure scale to the altimeter
titude, whether true, absolute, or pressure, is to setting causes the altimeter to read indicated alti-
determine your calibrated altitude. All pressure tude. Flying indicated altitude ensures traffic
altimeters are subject to small errors due to the separation, since in passing, the different altim-
effect of the temperature on the various metals of eters are equally affected by whatever pressure
the instrument. The corrections to be ap)plied and temperature conditions may exist. You need
to the dial reading to compensate for these effects not. make allowance for nonstandard atmospheric
are shown on a calibration card which should be conditions but must keel) your altimeter adjusted
l)ostpcd near the altimeter. By applying the ap- to the latest altimeter setting.

Low
PRESSURE AREA 91" LTU

HIGH
• _PRESSURE AREA

Figure 3-14. The effect of pressure on altitude
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'i'lle danger of this system is that safe terrain of pressnre altitnde ilight levels, vollil'oli. uie

vlea,;li'e is not gull'ailteed; the inlicateld relikoiiii avoided.
is generally the correct altitude only when the Solietinles local inst ruct iolis direct uIe of
*IIrircrn ft is ahiolt to lind at the a irport frtill which livil pre.sil iitt-atd of the oltinieter settig/ foi.
tlhe settil_ was furnished. loo deteine adequate ]Ial trliilif I ' tMIti)(al tlights. TIlle altiiieter is
terrain clearance, yoll noist allow foir possible adjusted to read zero before take-off, re-ardhes.-
errol's ill your midiVeted a Itit ude, s1-1h as iechani- of field elevation. The setting window will thlen
cal el0rrors, temperature errors, hangle of pretoiure shlw iiitoi'eted local pressure (uncoriected foi
fromn the timen the altimeter setting was computed field elevation.) I)o not use such settings in flight
to the tinie it is used, and the difflerence in pressure from one field to another.
between the position of tile aircraft and the sti-tion whih reports the ahileter setting Temperature Correction

instrument flight and mider coniditions of poor ii-'1islre altimeters ale lre,•ilur. ,a es
visibility. it is very i lnporttant thalt Nonl frequently cal hirted ill feet oii tlie lhasis of a Itaidard ies-
reset voiui altinieter to the latest altimieter setting siIie-altlitIde, relationship), lioiistiiidard atmos-
whic.h Vi ,Ia, o4tlain tiroii a raiige .-tltioli or l)liri'c c'mlilioims will make their reIaliigs in-
colir ol tower. look at 3igure :-14 and von can herentIv %%roig. ()hi a warm daNy, tile air expiI)ds
see the need for doing this, particnlarly when a d weighs less per unit vollunle than oil a st,,hll-
living from a hliglh-l)ressui;e itiei into an area of nilA oi" colder dahv so it is necessary to (lihibei anho~wer pre.ssure. :iuhlitlooid l)50) feet to reavih tile prsuelevel thmt

In llying between shore stations, using the wIll indic:te 100)0() feet il11 i standard day. Mu-h
,CO 'ec;ted local piess'rE as tile :ltiiuietei setting niore dangerlou.- to the pilot is the (old day. ( )a
provides the greatest ai'c.iiracy and safety. The a cohl &I V, wheli You reach ita presllre level that:,11itide :lavys trepresents 'I i ndica ted iltittide i di catte tl )000 feet, voaon actually flyin(

aIlue for the aipproxinmIatF local pressuie, provided several 1 hund red feet lower. 1Use the ,1E-"4) coii-
yolt obtilin Current settilngs as you travel. Over Ipttter to correct thlie indicated illtitilde for the
Ovea ns, however, :a (Ii Teren t system is used because teiperature aloft. The. resulting correction will
there •re no terraiia ")isiittn and it is lnot un- be ilc.llalite oilv when the standard lapse r;tc
portait to inntain the indicated altitude as near exists, however, tIis method is always more iiearly
to acttual altitude. Prevention of nid-nit ('olli- necuirate than iss.u mmig that the indicated retdili!z
sions is the only serinmus problem. T'herefore, is the actual altitude. .\i even better meto1( of
tIi •,c fligii hts are icoliducted on pressure g1ettiig tihle coirect trie altitude is to use the pres-

1titilde. ,kssolol as the plane isclea:' of ind, tile sure alt ituide. Set the altimeter to 29.92 aid ,'or-
ultinieter is set to "29.92?. B,-" proper ii-siglilltet rec't for tempel-Atm'e oil tie ]-'1-6;).

!AA;kcfil 'owe, Ih- oIs;melet dndicalt

10000 Rom______

i ~ ~~ ,0 -• ... -o0o -- --• - -.•o ---

CODAl CSANADII 1 WARM Ail 30%

i SUA LIEIL

r ,;--- Figure 3-15. Inherent altimeter error due to temperature changes
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At 2,•0oo feet, the temperature error is 7T iiated incorrect readings due to the position of the
feet when the mean temperature varies 10° C. from ilistrunient or ally of its parts.
the standard temperature this error decretses to
zel'o ats altitiude decreases. D)o not. as.sume, there- Using the Altimeter
fore, that the altimeter will indicate the correct D)uriing instrument flight iuloig airways, you
altitude in tile air sinilly because it reads correctly maintain flight altitude by flying indicated alti-
upon lanlding. tilde. "o be sure of terrain clearance, though, you

must correct the indicated altitude for instrument
Altimeter Errors and temperature errors. When you fly from an

A particularly important source of error arell of high Plessulll'e to a ll rell of low pressure,

iav be tile altimeter itself. hle scale may not be the actual altitude beconies lower than the indi-
correctly oriented to standard Ipessure conditions. cated altitude, creating a daitgerous situation; so
Altimeters should be checked periodically for keep the barometric scale of the altimeter set to the
sCale errors in altit ide test chanibers where stand- latest altimeter setting. When you fly through
a 'd ciiditiois exist. Large errors shouhl be re- til, colder than standard, the at'toni altitude be-
moved vecl'anically: small errors should be re- comes lower than the indicated altitude; calculate
corded on the calibration card. your true altitude by using the E-6I) computer.

Another type of error is (tie to lag. The al- At higher altitudes, dEfferent altimeters do
mlieter may t end to lag. parti4'ularly when large not read alike because of differences in construc-

chan ges of altittide are imatlde. This typ e of error, tioll and .scale errors. D )ifferent aircraft Iiiodels
which is called "histeresi-' or "after effect," show variations caused ly differeint static air
varies with tile cli nib and descent. When an al- sources, alidi individual altimeters may vary by as
tinie-ter is takein aloft, to 19,000 feet for example nclich as S0O feet. Pilots flying formation, there-
the indicated reading will be slightly low, gradu- fore, should cross check betweeln themselves and
ally increasing as time pa'sses. This increase, adjust their altimeters to an average of the various
called "driift." is due to the elastic characteristics instruments. For the same reason, ATC assigns
of tihe diaplirugin. On• the ground, it is loaded in flight altitudes over 29,000 feet at 2,000-foot in-
a state of equilibrium by the heavier pressures of tervals instead of 1,000-foot intervals.
"•rmimid level, and it requmires time to reach a state Pon't i!/nre density altitude. It determines
,,f equiliiril iii under the lighter l)ressitlre at tile power output of your engine anid - become, es-
1P.)O0 feet. Iikewise, if it remains at altitude for pecially important ii take-off. The Operating
several lioIirS, tihe instrument reamds slightly high Handbook tells you how Iainlly feet of runway are
MI descediniig anid graduallly decreases, oir "me- needed for take-ofT at diifferenit altitudes. but these

CiverIs- over a periodl of time. are density altitudes. Density altitude is the alti-

lFricthoi is also a possible source of (rror. tide for which a given tali delisit y exists iII the

Rle_,iurdles,- of construction, all Ioeclinical devices standard nimosphere. If the barometric pressure

HtIT subject to friction error, and tile altimeter 19 is lower or the telmirerllitlre is higher than stand-

DO exception. Still another cause of error is time Ilr'd, thell the d(eisity alt itinde of the field is higher
l psct than its w'tual elevation. Every pilot knows thi.

effect of varying tempera' different iiitils through observation of its effect : ou hot dttl',• your
of ith altibetei, nentitued before in coinertio n ple 'equiires miore take-off rumiway i.till doesn't

with calibrated altitudle. The catlibrattion cir clib so well as usual. The effect is gre:ater, how-
.hii1hild piroide for these errors. It. camielot pro- evel, thain Noll may riealize. Take D)eiiver, for ex-
v'ide, howeeor, fur- errors dime to iolroluer instal- amllile, %-ith all tih\vat ioll of 5,5;(00 feet. At a telim-

l:it o(, ihilitinge, ivitig. or clogLZi•ig of the lpitot- poi•ntor, of I I0' 1'. anid a Ialolmieler reading (cor-
static t'tbe. Tihe differeilt positionls, or attitude,, rcte d to M•I ,) of 29.55 ii,. its density altitude is

that the altimeter as';Imies ili flight Iay also be a about 10,001) feet. Now onle typiclal jet fighter re-
possible cause for errolr; however. the use of (illIres .5,31i) feet tI ke-oll gFround l'oll it I•so , feet

oim itciweiglits in conitriit'tion has largely elimni- dilm.;it v lt it uldI', lt S.11101 fi'-t tI kil -oll grouiiid Ioill
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lit lti0fot feet dlensity altitudle. Obviously, failure ROTOR

to calculate density altitude before take-off front
anl X,(H)-foot runway tit D~enver oil that (lily could
have fatal results. Get denisity altitude from thle

towver or compute it Onl the. E-Q$) Computer, using
rniway temp~leratures (often 50 C. above station

temera tie).Check your handbook before hot
weather or high elevation take-offs.

GYRO-SUCTION INTUET OTOR AND

The gyroscope of a gyro-suction instrument INRG.OL1YO

is driven bv air slicked in bv an engine-driven
vcuilin pumip. Multi-engine aircraft usually

hiavke nore than one pump. lin ainy event, opera-
tion of thils set of instruments depends on the

pr*oper op~erationi of the %acuum system. Pump
failure shows in the form of reduced pressure Onl
the vacuumn gage, usually regulated to 4 in. H-g.

Since the air must be filt'ered before entering the GR N UI

delicate gyro mechanism, it clogged filter also GIMBAL

shiows as- at pressure drop onl the vacuium. gage if

thiere is a master filter. If the aircraft. has indi-
vidual filters omi each instrummient, its in older allr-
craft. the individual instrument with a clogged
filter will operate improperly but the vacuum gage
will provide no clue.

The key to the construction of this group of
instruments is the gyro motor, which may be
suiction-operated or electrically op~erated. There-
fore each of these instruments is also made in an MODEL GYROSCOPE

electrically operated v-ersion, which is discussed
inl the next chapter.

Although the electric-type gyros are more
likely to fail, thev do operate under conditions
whlichl the suiction-type cannot master. Aircraft
vaclitur pumps cannot maintain an adequate pres-
suire differential betwveen the atmospheric pres-
suire and] the vacuum line ait altitudes above about -

:30,000 feet ; the temperatures below - 350 F. also
mnake v'acutun-driven gyroscopes unreliable.
Thierefore, jet and] other high-altitude aircraft
itre usually equipped with electric gyro-instru-

ment's. 'lo understand either type of gryro instiu-
ililis.vol Il"stfirst understand the p~riniciple of

tile P-roscope.

THE GYROSCOPE -

A Any spinning object exhibits gyroscopic Figure 3-16. Primary elements of a standard
lprolpet les, but only at whieel dlesignled and mountedl gyroscope
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to utilize these properties is calledi a gyroscope.
A gyroscope is a spinning wheel, or rotor, which 4'
is universally mounted-that is. mounted so that
the spin axis call assume any direction in space. 4
The mountings of the gyro wheels, called '"gim.-
-bals," may be circular rings, rectangular frames.
or, in flight instruments, a part of the instrument
case itself. Note, in Figure 3-18, that the rotor is
free to spin about axis x-x on bearings in the inner I A
ring or gimbal, the inner gimbal is free to turn
about axis y-y on pivots in the outer gimbal: and
the outer gimbal is free to turn about axis z-z on - : \ ,
-pivots in the support. Such a rotor is said to have
three planes of freedom. It is free to rotate in
any p)lane in relation to the base and is so balanced,
that with the gyro wheel at rest, it will remain in 4 i
any position in which it is placed. Restricted or -
semi-rigidly mounted gyros are those so mounted 4
that one of the planes of freedom is held fixed in
relation to the base. Figure 3-17. Action of a freely mounted gyroscope

Of course, the gyroscope illustrated in Figure
3-16 is only a model. Two important design oui the inner gimbal, as shown in Figure 3-18, it
olharacteristics, of a regular instrument gyro are is as if the same force were applied to the rim of
great weight, or high density, for its size and rota- the rotor at F. (See Figure 3-19.) The force
tion at high speeds with low-friction bearings, at F is opposed by the resistance of the gyroscopic

inertia, preventing the rotor from being displaced
Properties of Gyroscopic Action about the axis y-y. However, with the rotor spin-

All practical applications of the gyro are ning clockwise, the precession takes place 900
based on two fundamental properties of gyro- ahead in the direction of rotation at P. (See Fig-
scopic action-rigidity in space, and precession. tire 3-20.) The rotor turns about axis z-z in the

Riqidity in Space. When the rotor of a gyro direction of the arrow at P. (See Figure 3-21.)
is spinning, it has the ability to remain in its The rate att which the wheel precesses is propor.
original plane of rotation regardless of how the tional to the deflective force applied (minus the
base is moved. However, since it is impossible to friction iin the gimbal ring, pivots and bearings.)
have bearings without somc friction, there is some If too great a deflective force is aiplied for the
deflective force upon the wheel. amount of rigidity in the wheel, the wheel pre-

Precessio'n. An operating gyro resists it cesses and topples over tit the same time.
force which attempts to change the direction of It is this property of gyroscopic precession
its spin axis, but it moves in response to such a as well as the property of rigidity, 011 gyroscopic
force or pressure. The movement is not a direct inertia, that are utilized in gyroscopic instru-
one. in response to the for.e; it is a resultant. move- meits. Gyroscopic inertia establishes a reference
mieit. The gyro axis is displaced, not in the di- in space unaffected by tny movement of the sup-
rectioim of the applied force, but at right angles porting body. Precession is utilized to control
to the applied force, an(d in such a way as to tend the effects of drift, whether it is apparent drift
to cause the direction of the rotation of the rotor or mechanical drift ; it. maintains4 the reference in
to assuime the. direction of the torque resulting the required position.
from the applied force. This property of an Drift. A free gyro (one not provided with
operating gyro is called gyroscopic precession. an erection system) maintains its axis fixed in re-

For example, when a force is applied upward lation to space, and not ill relation to the surface

3-14



ALL-WEATHER FUGHT MANUAL
NAVAER OO-80T-60

z

PRESSURERS

'' RESISTS

Figure 3-19. Transmission of force

Figure 3-18. Force applied to a gyro

of the. earth. For' example, iniagine such it gyro
at the equator. starting with the spin axis hori-
zontal and pointed in an east-west direction. The
earth turns in at west-to-east direction with an
anegular velocity of one revolution every 24 hours.
'I o an obherver out in space, the spin axis of the
gyro would appear to maintain its direction point-
ing east.

However, to an observer on the earth, sta-
tioned where the gyro is, the spin axis would ap-
pear gradually to tilt or drift. At the end of
three hours the spin axis woud ldtave tilted 453
at the end of six hours, the spin axis would have Figure 3-20. Direction of precession
tilted 90c and would be in a vertical position. At
the end of 12 hours the, spin axis would be hori-
zontal again but. pointing we9t; at the end of 24
hours it would be back where it started. (See
Figuie 3-22,.) This action of it free gyro is knowni
Hs apparent, drift. T(o overcome apparent drift
as well as niechanical drift. caused by bearing fric-
tion or slight unbahlnce, a gyroscopic imsiruinent
must be provided with an erecting (device which
maintains the spin axis in the requiried position.
This erecting device applies a force to the gyro
whellever drift occurs. Pmreces~sion returns the
spini axis to it's normil positiomn, inaimitvining an z
accurate reference. (See Fiaure :'-23.I Figur,% 3-21. Precessional movement
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an aircraft witholit viisual reference to the ground
or horizon. It is a conibintition of two instru-Sirments, a ball and at turn needle. The bnll part of
the instrument is directly actuated, while the turn
indicator depends on the gyroscopic property of
precession for its indications.

© T. The Ball

The ball part of the turn-and-bnnk indicator
AI~~~coirsrts of it seealed, curved glass tube containing

. i) water-white kerosene and a black agate or com-
nion steel ball-bearing which is free to move in-
side the tube. The fluid provides a dampening

action and insures snrooth and easy movement of
A, - ý11the ball. The tube is curved so thiat when it is

held in a horizontal position the ball has a natural(D- tendency to seek the lowest, point, which is the

Figure 3-22. Apparent drift center. A small projection on tihe left end of the
tube contains a bubble of air which compensates

Gyro Instruments for expansion of the fluid during changes in tem-

The three basic gyro instrunrents are the turn- perature. Two st.-ands of safety wire are wound
ald-bank indicator, tire heading indicator, and around the glass tube as reference markers to in-
the horizon in(ticator. The turn-and-bank indi- dicate the correct position of the ball in the tube.
cator utilizes the gyroscopic p)rol)erty of preces- The plate to which the tube is fastened and the
sion and is a seni-rigidly mounted instrument, reference wires are usually painted with a luui-

TIhe ]eading indicator is freelyx mounted; it uti- nous paint.
]izes the gyroscopic property of rigidity in space The natural forces acting on the ball in
to establish a reference Ilane and the gyroscopic straight-and-level flight are: (1) gravity, which
property of precession to rrraintain the vertical acts toward the center of the earth, and (2) the

axis of the rotor perpendicular to the earth's force exerted by the bottom of the tube which is
surface.

TURN-AND-BANK INDICATOR Rr
The only suction-operated instrument still

rraintaired on most new narval aircraft is the turn-I• and-bank indicator. This is not because the elec-
tric turn-and-bank indicator is no good but,
rather, because it is necessary to provide a means FORCE
for emergency instrument flight in case of electri-
cal failure. However, this instrumnenrt now plays
ri secondary role. It is used primarily for cross- PREWSI*
chiecking ot her inmst rumrents or for flighrt orr panrtial
panel. Therefore, mnany new aircraft have rr two-
inch instead of three-inch dial oun the t 1rrrr-anl1-

bnik indicator, and the instrument is placed in a
less central position on the panel.

The turn-and-bank i,.diertor was one of the

first irodern instruments to be used for controlling Figure 3-23. Precession controlling drift
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Ieronie lllII luli• ('ti 1, tlilt' hull l miolves ii |V fr'om~ the

IIIn a skid, the rate of turii is tot) great for the
\\ tniilo of 11:111h. 'I'le centri-ilful force is exees-

sive, :1to1 the .esollt, *.t of c(ittrifig:11 foicew and

,-rliv',ity is not opix)lsite die mnid-point between tle
refe'ren n iltrlk:ernz, but tow'•rd tihe olt'ide of the

* tilur. (Conisequently, the hI 11 moves in that diree-
St lon. ('orrectinig to coordinated flight, catlls for

S/inci'ensing the bank or decreasing the rate of turn,
"" , 'or za vollibilliltioll of both.

In it sip, the rate of turn is ti slow for thie

angle of hank. Thecre is not eniouglh centrifugal

Figure 3-24. Turn-and-bank indicator force., and the iv-ultatnt of centrifuiga for(e and
gir v ity cawues the 1iall to tove toward tile inside

'II i\\-ij Sperlpeuilhtliluhlr to Iliilt, t:lile Iit tl t' poiilt of th t ie n. ('0 it og to Cool'd mIIIted 1i"ght Ie-

Of contact. It aIcts froull the lohlit where the ball quires decreatsing the bank or increasing the rate

I" makes cont:act withI tile tube thliroulhlit lie eeniter of of tiluril, or a couilbinhilt [ou of I~thI.

tile bill. TI'hie bhl i instt'uiment serves to cheek your

Iit a (oolditiiltotd turu, the natural forces alct- c(ordimlition. It is actually it "ba•unce'" intdica-

g ii oll lll l it': (l ) gravitv \w'hiclh pIlls tfiw:ar tolr, hecmlsti it iidicatts the rel:lt iouishii betweeen

the center of the elartli5 (%2) the force exerted ]Ii ti lit angle of bink and the I ate of t(lul'. It tells

tile bottom of tilie ti\he, and J3) (t itr fugil folrce yothll".o yo the of tile turn, whether the air-

which Iltts in tihl hiorizolit:l lhlalie indl ol\\rd u"-ift hiss the corre,-t a'ngle of bmr'k for its rate of

fronl the vcleter of turnll. Mil'li.

Tie ball itzs||tnes it position between the ref-c
erence mniatkems when the resulthnt of centrifugTd
force ;1l gravity lcts midwiy hetwveen the refer- Thie tiurn needle is actiuated by a. gyro. A

eniie mrkers. WVhen the forces acting on the ball restrictor valve to control the suiction on tile turn
needfle gyro is installed betNween tile main siutioll
I inc and the Inst rumient - Oii the older sy'stemls,

Sthe restrictor valve control is behind the instrn-
. . liit puliel and ii s n t s ut- e'ssible. to tile. pilot.

e'wer--iiodilel aircraft have t vii'tve contiol o•n the
I inst ||1mw|.11 pli|el, which Plt||tbeS Y011 to ILijulSt tile,

/ .uction on the tiiril needle whilh iII flight. ()-

-sm pItoels, t hiesctio enalges i foll ll~ist tbe
SINGLE NEIDLu WIDTH TURN swihed to tile tirn needle, viiabliiig you to know

the nIctiiaI sli'tioll oil the i list 'nm lenit.
l- i ''l• iThe l/•vi'd V(illillll t tile' turli-iiiid-haiik

\ diciator is P.) to 2.0 inches of iorciu'vr t fIg) ; it
ihoilid 1w' set betweeti the.hnimiits of 1 .1 in. I[, wiid

"2.1 iii. I Ig. ],A)\\ viiiinu ('etuses ii lhwvwi' rotor rtmn
COORDINATED ilil rvdliv(:; tiw ilidicliol from wilt it mold beSINGLE NEEDLI WIDTH ?URN if th e rotor rpm wer' wi hi it , li mihti .-h it h i -t- ilh

$KID iii c:[ l sit the delhle'tiio to bae gre'uter thiil, liorlliil.
SINGLE NEEDLE WIDTH TURN 'i lie tutrtn le(,Ihle indicales the I-lite I llillohl)"

Figure 3-25. Indications of the turn-and-bank of dtip,'res I pq' .' ,utoil I It \\'hilIh thie mill't'li ft i.'s

indicator triiiniig, :shout its 'eft icil axis. BYl usinlr the turn-
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SENSITIVITY SET SCREW

(O--INDMDUAL FILT'R

SENSITIVITY SPRING AIR JE
k- •"GYROSCOPE

. .HORIZONTAL GIMIAL

REVERSING MECHANISM

S•DAMPENING MECHANISM

(DASH-POT ASSEMBLY)

PARALLEL LEVERS ASSEMBLY

Figure 3-26. Cutaway view of turn-and-hank indicator

;Uldl-amik indicator. y" )u cail( clw, k for (i(wdiill- plalie. oi the rotor (to tlbe vel tial gillibial). Sil!ge
t iio and ibahlce ill straight ftlighi and inl turns. tile roto reIailis rigid inl space, tle points on the. ........-
If you cross-check this instrument against the air- card hold Tieh sallie position in space relative to
speed indicator, ,von call determine the relation the verticli I pinle. Thw de case simply revolvesY about
between the lateral axis of the airCcaft and the tie card. During turns, of course, the rotor may
horioli (angle of bank). For tniy given air- deviatp from the vertical pllne of rotation, but
speed there is a definite angle of bank necessary to the erecting mecldiiisin quickly returns the rotor
maintain a coordinated turn at a giveln late. to its normal plane of rotation.

'rie heading indicator call operate l)roperly
GYRO HEADING INDICATOR with ra suction gage reading as low as 3.5 in. Ilg

IThe gyro heading illdicaoi is a itsuctlonO-Per- or as high ais 5.0 in. 1Ig, but the limits used for
ated directionil1 gyro. It is fullida (,t1 IIlly Iil in- adju•stment shoult be between 3.75 in. Itg and 4.25
strumelnt designed to facilitate the use of the inl. Hg, with 4.0 in. Hg the desired reading.
imagnetic c.om1lpass. Any pilot can ilnagine the ()f course., the histrun eut (calnlot operate in
diflicultiei 1w would have to contend with inl in - :ll lattitudes of flight becallse of tile way it is COIl-
stru ient flying if lie l10d to ) letei(ld for directional strut'ted and the way it operates, 'T'hie stop or
information sole] , %lL the magnetic compiass. Twe linliting factor ill the in•strument is the caging
gyro-driveII heading indicator overconies these arm, Ill the Illicaged positiol, the c~lgilig tnil

difficulties, It is not Itltected by tile centrifugal rest-,0 oil the bottilll of the vertical gilt hal ring
force of turns, by rough air, by minagliet distiirb- and ill that posiliI l)eo t i Itric'ts-; th illoveielit of the
ances, 01, within ,ertilill li'iiits, biy the orientation verticaLl g•ibal ring ahout the rotor or the hori-
of the aircraft. zolitil ginlibal.

Thie iinsttrument operltteýs oil tile ll)IlIlipIe of 'T'lle nllits iof ()elrti(til of the iltrilill(lit . for

the rigidity ill spa)re. (of 11 1i;'.crsally )liiiounted all plracical pilpos5s. are .,5" of lpit,:L aild 5V of
gzyr(l.,:ole. "Ihi rotor turi1s it) the ve'rticiIl pltlie, bank. 0b,..Oa•i ixom il/., thlolugh, fite gyro does
andid a cilcukar compass fixed at. right angles to the )lot 1,pili or tulible even thotug)l .4o" of bank or
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of the earth's rotation is counteracted by balancing
A tihe gixubal rings. Then, so long as the plane flies

somewhere near the same hatit tude, there is no
problem. However, in a flight entailing great
changes of latitude the error would become ap-

O •: parent, particularly if the equator were crossed.
If the instrument were corrected for error in the
Northern Hemisphere and flown in the Southern
Hemisphere, the error and correction would act
in the same direction, and cause a noticeable
amount of creep.

AIR ITT.AIR.JETWhen considering the errors in this instru-
rnent, it is well to remember that error in the
heading indicator is frequently the result of an

improper setting from the magnetic compass.
Incidentally, you adjust the card of the heading
indicator by means of the caging mechanism.
This rotates the vertical gimbal by gears or a
clutch, depending on the design of the particular
model.

Before take-off, ground check the heading
Figure 3-27. Heading indicator gyro rotor and indicator to determine whether it is operating

nozzle assembly p)roperly. To do this, first see that there is ,uffi-
cient vacuum. WN'hilc the engine is warming up,

pitch have been exceeded. If the rotor is aligned check whether the rotor is turning by first caging
with the longitudinal axis of the aircraft, it will and then uncaging the instrument with a gentle
not tumble even though the pitch attitude of the twisting motion. If the rotor is turning, the card
aircraft exceeds 550. will stop as soon as the instrument is uncaged. To

When the horizontal gimbal touches the stop, assure the proper speed of operation. allow the
the l)recessional force causes the card to spin gyroscope to run up for five minutes before take-
rap)idly. You can correct this by caging and un- off. During taxiing, you can check the gyro head-
(-aging the instrument.

No gyrosicope yet dlesigied has eliminated
precession from the original plane of rotation. In
the gyro heading indicator, this precession causes
the card to drift, or creep, away from the true
reading. The chief cause of creep or drift is fric-
tion. An unbalanced condition of the gimbal I
rings also causes errors. If the g3 Io unit is out of
balance, there is a force applied to the rotor which ___

causes precession.
Another cause of error is the effect of the

rotation of the earth, which causes a twiversally
moun ted gyroscope to precess, the amount (lelpend(-
ing on the position of the aircraft.. At the equator
there is no effect. Above and below the equator,
the preceision increases according to the distance
from the equator in opposite directions in the
Northern iiuid Southern Htemisplhres. The eflfct

3-19



ALL-WEATHER FLIGHT MANUAL
NAYAER OO-8OT-60

ings if the linits are exceeded and the gyro is ings if the limits are. exceeded and the gyro is

determine large amounts of creep. The gyro "spilled."

heading indicator is extremely useful during
take-otV under instrument conditions since it 's
not affected by the acceleration of the aircraft. SUCTION-OPERATED HORIZON

During flight, the gyro heading indicator is INDICATOR
used to maintain straight flight and make turns to

headings. Whether you set the card with the The suction-operated horizon indicator is

compass or use the heading of zero, you use the virtually obsolete. It is generally found only in

iuagIetic compass as the reference. Be careful aircraft manufactured before 1950. This manual

in reuding the compass. Unless you check the will therefore not discuss the theory and construc-

conpla)iss deviation card, the indicator may appear tion of this instrument in any detail. Like all

to drift several degrees during a turi.. Cheek the -horizon indicators, it has a horizon bar which

fqyro hrtdinq indicatar at leait every 15 minutes moves in such a way that the position of the minia-

(Igai,.t the ni-gnetic com,pa.xv. After setting the ture airplane in relation to the horizon bar cor-

instrument, uncage it by pulling the caging knob responds to the position of the aircraft in relation

:traight out. If there is an error of more than 3" to the actual horizon.

in a period of 15 minutes, turn in a "squawk." The miniature airplane is supported from the

l)urhng maneuvers which exceed the limits of base on the front of the case and is approximately

the in~triunent. it should be caged. At all other in the center of the instrument face. The horizon

tinies the instrument may be left uncaged. It is bar is supported by an arm which extends back

obvious that frequent acrobatic flight with the on the right side of the instrument to a pivot at.
instrincnt uncaged shortens the life of the --o the back of the horizontal frame. The pivot

unit. A great deal of force is applitd to the bear- allows the horizon bar to move up and down but -*

Figure 3-28. Cutaway view of suction-driven heading indicator
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Figure 3-29. Suction-
operated horizon
Indicator

allows it no lateral motion. The horizon bar is To cage the gyro, pull the caging knob on the face
held constantly horizontal since the frame on of the instrument and turn it. clockwise as far as
which it is mounted is held horizontal laterally it will go; then push in. To uncage, pull the knob
by the gryro. In other words, the miniature air- and then turn it counter-clockwise as far as it will
plane moves with the case and with the actual go; then push the knob in.
aill)hae around the horizon bar which is held The limits of the horizon indicator are deter-

level by the gyro. The bank of the aircraft is thus mined by its construction-100° of bank, and 700
uiccurately reflected by the bank of the miniature of pitch. Maneuvers in excess of these limitations
airplane in relation to the horizon bar. The pitch cause the gyro to precess violently, upset, and be-
of the airplane is indicated by the vertical posi- come useless. It remains useless until it erects
tiou of the minature airplane in relation to the itself or is caged and then unicaged in level flight.
horizont al ar.

The basic. mechanism of the instrurnent, is a Errors
freely miounted gyroscope which always remains The horizon indicator is subject to slight
in a coistant pilane, relative to the earth when the errors in both bank and pitch due. to the effect of
int rumen t is operating. This gyro is driven by the erecting mechanism in it turn. The bank and
suction which should be within 0.25 it. 1ig. of the pitch errors are greatest in a slow turn and after
de.sired VILCUIII1 of 4.0 in. 1ig. 1800 of turn. Thle indicat.ions should return to

The gyro rotor and gyro housing c1an be held norm0al after 160° turn.
Srigidly ill it horizountal plane with respect to the The bank error causes the instrunient to in-
linst rmiiet c'ase by use of the caging inechltalisini. diatte sliglitly less thluii the actual amourit of bank
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A-.

Figure 3-30. Cutaway view of horizon indicator

thirii g a turn, or i slight ba'nk ill the opposite di- etrect---'causing the horizon bur to niove upward.
reution after level flight tins been resuined. The Bloth these errors are proportional to the amount
pitcl error cautses the horizon batr to dip slightly of atccelerittioii or deceleratitio and to the elapsed
Ixlhow its correct position foi level flight. This tile involved.
error is smnall; however, if you follow the indica- Other errors in the indications of the instru-
Ii )1 Of lie horizon indiciitor in slow turns with- ument nuty be caused by precession of the gyro as

iiit refetren•ce. it) other instruments, viu nmyv enter it result of worn or fdirty ,vgimbal bearings or all
it gIitdaiill clescellt ittli, in timlie, lo(e (olisiderlible out-of-Ialln•'e Condition in a,,v of the moving

lt ititii'. The action of the erectin ug nuechani sin lmrts. A loiss o)f vcttlullin (utie to dirty filters oi'other ciiuse.s will ulso keel, the instrunieut f'olrnIjl'lt~~ ltivse Wll.i; 1111t1 i)lt(hi errors il at shlort oj;eittiiig properly.
ti l a r1 a fl t er l e v e l fl i g h t hl a s .- b e e n r e s u i a je d .

.\A ,,I, li' t 'loll (.11 also goive v'ron i ml iciitions Using the Horizon Indicator
b 10,'llig tIlie VeCtioll me('hllnisi to react il such Beetlse of frequent err'or oif ind(i(cattio~n, it is

i, %;i v.a t li nmk tie hoirizoni bar move downward, l'ectSst•"ry to t(•olordillnate tile sitetiomi-driveut horizon
,I, is I vs,.lts ill it toPileli'y to live the tirrraft nilidi ttlr with the other flight inst rulu)eIlts. IlI

hit iiiit,.ehltitig. I)ecelerationl has the opposite st raigl-t-ai'-level flight. the pihlot who relies too)
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iiiichi II t ile sut ii-dri ei hoizoi iicato' will cveding the liniits of tile horizon indicator may

niiost likely find his flight erratic. You must be compared to driving an automobile into a stone
therefore cross-check it with the turn-and-bank wall: flying with the instrument caged can be
itil cator, heading indicator, and altimeter. in compared to stoppin g the same automobile by
tiirns, tile pitch error causes atil impjroper attitude slamming oil the brakes before hitting the stone

io be shown by the instrument. ('oistant cross- will. You avoid iminediate damage but you do
checking with the other inst rumnents is again liec- cauise excessive wear.

es.sary. Ill climbs and descents, the acceleration The suctioti-ihriven horizon indicator should

and deceleration of the aircraft. causes pitch error. be uncaged only it level flight. The indications
Vou mist take t hi into tconsideration inl order to (of tihe instrunment depend on the position of its

h1ve at proper attitude for the maneuiver. miiversally mounted gyro, and if you lincage it

In addition, remember that tilee imlicat ions of iin ai unlevel attitude, it tends to remain in an un-
rlp horizon indicator are only aplroximations of level plane, except for the action of the erecting
the exact pitch attitude, because of tile sm1ll1 niechianisni. When uncaging the instrumnent, be
ch.ill.es of attitude caused bv variitt ion inI the ail- .-111, that it is fully uncaged. If you're not care-
spsed, loTd, elp you take fiil to see that this is done, the chinips in the cag-

tliesv changes into account. the instrnment has an ing mechanism will decrease the manieuvering
:dju.stment knob with which the miniature air- lituiits, and the instrument will spill even in a nor-
caIIft toay be moved upward or downward inside rayI Is safe maneuver.
the cast.. lt particularly careful it caging the horizon

indi, itol. Rough, forceful caging causes the in-

Caging the Instrument strunient to be spilled inany tinies. The d(amag-
ina results are sinilar to those caused by exceeding

%l'ihen the limiti of the instrunient are ex- the limits of the instrument caged wears it ex-
ic'eded, it will spill or tumble. You mnust avoid cessively; therefore, it should be caged only wihen
tli- because it brings a force to bear against the the limits are to be exceeded.
rotor %%Ilich produces very violent pre,-"ion until ]i summary, remember that the horizon in-
the opposite limit is reached and there is an ldicitor is the most realistic attitude instrument oti
:btupt Stop ia tit Precession. This may result in the panel and its indications are close approxima-

cracked, flattened, or loosened bearings, any one tions of the actual attitude of the aircraft itself.
of which causes excessive friction and precession. D)on't be too concerned with its errors. Just re-

If you expect to exceed the liniits. therefore. member what they are and take them into ac-
von, should cage the ins;trumnent, althoulgh flying coulnt in interpreting its indications. Finally,
withi the instrument iii the caged position does remember that the instrument should always be
cailst, colisidet'ably rIltore thlanu inornala wear. J.:x- left itl(coged unless its limits are to be exceeded.
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ELECTRIC INSTRUMENTS

'fTHIS chapter covers the various instruments ELECTRIC TURN-AND-BANK
-'" which utilize the aircraft electrical system for INDICATOR
their operation. These include the electric ver-
sions of the turn-and-bank indicator, electric The electric turn-and-bank indicalor is now
horizon indicators, and electric heading indicators. wvidely used, but the policy is to maintain the suc-
(Some of the electric heading indicators are tion-operated turn-a nd-bank indicator as i
nmerely directional gyros with electric gyro standby in case of electric failure. Remember,
motors; some are types of remote-indicating eorn- though, that the suction type of turn-and-bank
passes; and some are combination directional indicator nity oscillate or give readings of. insuffi-
gyros and compasses). This chapter deals first cient needle deflection above 30,000 feet because it
with the instruments which are electric versions does not get adequate vacuum from the engine-
of the suction-operated gyro instruments previ- driven pump. In the electric version this prob-
ously discussed. klio is not present. Of course, the ball element of
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all turn-and-bank indicators is the same; only the al iud ication of headiig change 1n the inst ruent.
turn needle mechanism is different. Since this gyro is not sensitive to the earth's niag-

The electric turn-and-bank indicator is oper- netic field, it indicates correct headings only when
ated on current supplied directly from the aircraft set after reference to a North-seeking instrument
batteries-DC current. It is housed in a hermeti- such as itniagnetie compass.
cally sealed case to eliminate the danger of mois- The C-1 heading indicator has a round fiat
ture condenisation due. to extreme temperature and card visible only in the topl half of the instrument.
pressure changes and to keep out sand, dust, salt This card turns az the aircraft turns, and you read
air, fungus and other environmental nuisances. the heading indication under the lubber line. The
The gyro turns at a nearly constant rate of 4,500 card can also be turned by the LOCK SET knob at

r1pm regardless of flight altitude or temperatures. the lower right corner of the inst ruenwt. Whhei
The gyro, or rotor, is in effect a srnail electric
Smotor. Soon after power is applied, before take-
off, enough heat is generated to keel) the motor's

5 ~~~lubricant solvent even at altitudes whereteot
S~side temperature is extremely low.

., For its indication-,, tiie electric turn-and-bank

indicator relies on precession, just as the suction-
operated turn and bank indicator does. The in-
strunient can be calibrated to indicate a single-
needle-width turn at the rate of either 30 per sec-
ontd or 1 1,'2 per second. The 4-minute turn needle,
calibrated for a rate of turn of 11/20 per second,
was developed for use in high-speed aircraft to
decrease the angle of bank for a single-needle-
width turn. The 4-minute-turn needle measures
motion about the vertical axis of the air-raft at
oonly half the magnitude of the 2-minute-turn
needle. Two-minute-turn needles are still in- Figure 4-1. Turn-and-bank indicator with two-
stalled in conventional aircraft. One change in minute needle
presentation of the 4-minute turn needles is the
fact that some of these needles are hinged above
the ball, whereas the 2-minute needle is hinged
below the ball- (See Figures 4-1 and 4-2.)

ELECTRIC GYRO HEADING
INDICATOR

(O)casionally, you iiy e•( oulmiter the ('-1 elec-
tric gyro heading indic.ator. Note that the dial
or presentation of t his istrunient resembles cer-
tain reniote-readthg couiipasses-t lie type which
'oinbiiie i nmagnetic complmss unit with ia gyro
heading indicator slaved to it (as described later
inI this chapter).

"Flie electric heading indicator, like the sic-
tion-driven headling indicator, utilizes the rop--
city of rigidity ili space to establish a reference Figure 4-2. Turn-and.bank indicator with four-
plime. Thie aircraft tunits about this gyro, caunsing minute needle
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Figure 4-3. C-I electric dii ectional gyro heading indicator

this knob is pushed tll the way in it cages the accidentally exceeded while the gyro is uncaged,
gyro mid renders it ramiindicating. With the the indications of the Instrument will be unreli-
knob all the way in, the card will turn as the knob able. To restore the instrument to normal opera-
is turned, :n1d you can place any heading under tion, bring the aircraft to straight-and-level
the lubber line. The card seen through the lower flight, cage the gyro, and set it to the correct mag-
windo~w shows the recil)rocal of the heading being netic heading.
fOWnI.

A sF-r COURSE knob on the lower left of the in- ELECTRIC HORIZON
strunieiit iS IIse(l to set the airrowhead of tile course INDICATORS
indicator dial to the heading flown. Rieleasing
the srTr c'uvisE knob releases the arrowhead and The ,uction-opertated type of horizon indica-
lets it move with the card. It thus becomes til tor, still found in older aircraft, has noN given
easily readable reference to keep aligned with the way to tile electric type, which is free of niany of
lubber t1ihae a eed eliminates the need foi- remember- otheroineerent .nTietioo.

the('1 II~i~aorare(t rihtor ef hak.hitoiicthe d rim oiack vo iitiieii fod r t~le he sctmlof-

hei n ci ten erig' a v nlme e t t k lel t the aircrafte o i, operalt i Imlicator was erritio hat high altitudes,
'oulrse, tillluble(d (11ll-ilngb vio]ellit Illllllellvel's• alld. piossessed

A I) l mr ( x h m il te l v t w %o li h l ui l t e s li f t e r p o w ve r a t i ld t e n e e t l l ~ l l i lInverter Ji1tle\( bveen till'lie1 oin, tile instrumlent is ot ier i n eren inst ii enlti mo ng tie ,l stu.f
read~ty for, rise-. It mmll.t be set to it correct mlllgllet•ic'''l l~ lt'llelllll• tl ie[lsfl

headling to, be i•cl('-llli{te. Th'e ()l1eratinig limits of of till fo)und fi ll ;I lkirc'rltftz'I istlru11nenit Imile], hlas

tile (C - 1 I lld iv'it.t( ar'e 60- rig hlt or left b i~lk. blecomne tihe p rillillrly ill sll'lllllellt forl tille Control of

W\hen entering it nmineuv~er tllmt mlay exceed modo1rn airilcraft. Pilots wiht) have learned to rely

tdhe limitations, cage the gyro. Otherwise always on tIe ]lorizoit indidcator. 11(1 who ) i\ liderstaitld the
SJweave it mliiage(. If tle operating limits.shculd be few linuitatlion.: it Ier l can iforfn a('-
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batics on instruments with complete confidence. at high speeds and at steep oigles of hank, good
Thifs chapter considers the 11-6 and H-tA erection rIlte, mechanical caging, electric flag

horizon indicators. Other electric types are the alarm, increased pitch trim travel, heated bezel . .

A- 1, the A-2, the 11-5. the .1-3. and the J"-8. An g,.lass to eliminiite coiideiisiat ion, a ld primarily
early ehlectric type, the -1-3, was widely used in stainless steel vonstruction. The 11-6A has a
aircraft Ouilt prior to 1950, bht it proved unsuited numerical pitch scale ill addition to the .ihorizon bar
to jets because of its slow erection characteris- operation, and it has a wider angle of visibility.
tics and its lack of a caging mechanism. In the Both models have been designed for high-
remote type of horiz-rr inldicator, the gyroscope speed aircraft and for aircraft with a fast engine
Il1(d its associated components which control the war'mn-1i.As soon as the power to the instrument
actionl of tile indicator are located together in a is t irned on, I lie gyro caii lie erected by aI mechan-
place remote from the location of the indicator ical caging device to the true attitude of the air-
itself. The two basic components of the instru- craft. After this, tile eretion is completed by the.
men t are mann fact ured as sepa rate units. The ball erector mechanism.
Navy ,ises the K-4A and K-41l control unit and
the MM,1-1 and MM-2 indicators. Principles of Operation

The operating principles of the Model 11-6

HORIZON INDICATORS H-6 and Model 11-GA horizon indicators are similar

AND H-6A to those of other models in that the gyro remains
substantially hxed in i,-lation to the earth while

t1orizon indicators, Model 11-6 and Model tile ilistrument case wit i its associated parts
H-6A, provide the pilot with a flight reference moves about the gyro to p)rovide accurate bank and
which lie can use naturally without any interpre- pitch indications. By observing the indications
tation. just as lie refers to the natural horizon in relative to the bezel indices, you can move the air-
clear-weather flying. Both models have it number l)liie to ally chosein fligiht attitude. You doii't
of outstanding design features: low "turn error" have to manipulate the instrimient it.wlf except to

2

10

I Bank Inde- 6 71,rl I,,ii-h t,r I Bank Index Aron 7 Trl- lndi-ator
2 Y ,rtIcal IAiex Adju•t •g iKnot, 2 V orti cl In -l, Aij.,ting K oh
3 Boinl Ma•sk 7 Trim Indl-tor 3 fi. xel Mank S Trlr Indlo 'ator
4 Spt:,r. tMililature Alirplne ) 4 Pi tcl, ScAle kinio |alu tr Airpla ne)
5 C'glnK Knob R Horilon Bar IA Spoon 9 Horir on Bar

9 Porer-l-allure warning Flag IA Caging Knob it Power Failure warning Flag

Figure 4-4. Model H-6 horizon indicator Figure 4-5. Model H-6A horizon indicator
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Ksl Te rotor mnd stator of the electtric motor

driving the 1l-6 and 1-0iA ate enclosed in a gyro
housing, and the combined assembly is referred to

AIRPLANE ROLLS- a- the gyro. The gyro is fiee to pivot ill its gim-
*7!O REWAI$ hbai, and the gimbal is free to rotate iln the bearings

UPRIOHT of the bearing support.
nhe pitch indication of the horizon indiclator

is the result of tile relative movement between the
gimbal and the stabilized gyro housing. As the

AIRPIANE airplane (and the case) move around the lateral
axis of the gyro, the horizon blar is similarly

GYRO REMAINS moved up) or dlowil with relation to the miniatureIUPRI##T airplane (trim indicu,tor). This vertical dis-
placement shows tlhe pitch position of the aircraft

AIRPLANE YAWS- " with reference to the mntural horizon.

The roll indication of tile instrument is the
resuit of the lateril rotation of thle airplane. (and
the case) around the gimbal which is stabilized by
the operating gyro. This motion about the lon-
gitudinal axis is shown on the face of the instru-
imient by a till of tile iniaiiituIre airplane (trim in-
I dicator ) relative to the horizon ll r aall( rotation

of bezel mask indices with reference to the bank
-Y*T CONTINUES index. 'Phis aligular displacement indicate's the

TO POINT INI
"SAME DIRECTION roll of the aircrutft ,is compared to the natural

horizoln.

Figure 4-6. Gyro stability T'lhe mechanical caging system used cages the
gyro to tihe true attitude of the aircraft, and not
to the true vertical. Thus, if the trie attitude of

adjust the trim indicator to correspond with vary- tile airplane coincides with the true vertical, no
ing load conditions and operate the mechanical further erection of tile gyro is necessary. If the
caging device, true attitude of the airplane does not coincide

The horizon bar, which vou see through the with the true vertical, the ball erector mechanism
front of the Instrument, is your substitute-within erects the gyro to tile trine verticait at a rate of ap-
the airplane--for the horizom. During flight, the proximately two) degrees per in in ute. Therefore,
horizon bar is laterally stabilized, or fixed. in re- cage the gyro, when visual horizon re'erelice is

lation to the surface of the earth. Because of its available.
mounting, it is independent of tile instrument
case and the motion of the airplane. Bly conipl, Ur-
ing the poslition of the horizon bar and the bank ('losing the Iailn pol)(wer Supl)yl swit(ch causes

indicator with the indices on the bezel mask. you the gv'ro to start r'otatil-g, tile powr-fai lure warli -
know immediately the attitude of the airplane. iig asseimbly to opelMc, aald the bezel gl;tas to

The stabilized reference is provided by use waril up. If thveeuipiment is operctiltl properly,
of a gyroscope with an erecting mechanisma. .As the warning Ilng will now disalppenir. Fa lure of

ithe 3ir'l)laie Iolls or pitc'hes. tih, s p ill axis re- the warnin)g 1i11 to disal)l)ear ji| ic(ates ejiIbie ito-
mains upright. (See Figure 4-(;.) TIlese devia- lproper plihase lotation or iii 01wie or shdlort (ci ciit.
tions from the normal attitude are shown on the ( 'heck with tile maijutemnAu'Te peo)ple.
in(licator and you can control tile airplane by Ill Sttti'lig 11p) the gyro, (do not cage it mule.ss
referring to the indicator. you olave it visual hiorizoi refurejuce. bec.:ause the
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Figuro 4-7. Mode .1
H-6 indications
during normal - =

Rlight

(71~

I ,

-2~AI

gy o cl'ges to the tr ile attittide (if tile aircraft and tice to check it front time to tine during flight.

lot to tilit true vertwit'i. When the minintur, :'.'phtne is aligned with

I) liii. , iinstrument flight, yoo see tile horizon the horizon ha r, tile a ir': a ft is in level flight, both

011t yOi" l.(%ioIi it(licaitor jIhst its YOU see tile ]lter'ullv lmd lolgitudiidly; tli aircraft is neI-

1111till-ul hlolizo (, ig t'(.ott•t flight. Vismilize ther banking, diving, nor cli nbing. W hen the

lhe moizMlrtere il-laue It's trepresentding the airc -rifUiture i m-i tniZl ,m bove the horieizon otr, trie.

(T.nftitVe flight, t ioitg t,,wirI t i "izoti rel'e- Aircraft Is climtbing. und when it is l plo s i the bio.
rpmit(' b th hrio z i milic~t ) tot. he it wre d fli hh co t h- ve tIed ft is living. lt t invetrted flight, whoen

(o.lit•o.l ,f tht' min iattro mitlalla e relg tiva to the usie ti horizone n I miil oiroaf indivi aton , thi
10 -Zh ,riz I ' I V:t Ve]el it'ese It l(th it ittit de of the aii rer aft 11i lp h uil ,-horizoll com p)onents of this i list ruI. mlent

it} ltve to tilt iit~ttll't h W'Z)l.ill. s I 'e it trl't.t pic'ture of tho 11hi-, -aft's poesito'

III tlig ht. 'w •t lw foef• lsill:, tile i~llilcmtlolls o)f w ith re(ference('( to tile hlorizoli-- • Xele t th 'tit clilib-

it ] ( i l'.t I III I l lt .:1d j u s't tile h e i g hlt o )f tit( IllillilLt u t .l' ill- tlu ld dliv iT g ly P ; I 'O V e l '•te d . F o i. e x it l ulp ih , ill ill-

ztill ] t t It ri]- i ldi~ i lt l't r) to tlit' d Ve.i' Vtl' fl ig hit Co ll- ve't el't fi liht, -w h e'l th e Ill11illi t u lre 111 - l mla e is. llb o v o'
dlitiol). 'l h eig.] t ht lm ay vary slightly' its loildin~g the hlo rizo nl, tilt w -0t1:11 zlir'c raft is divilwg. W h'len

tlld other com(otioltois (limige, :1l1d it iS good plic- ti lt 1ile r t atile nrplilne litp eill.' to be tilted relative

%k.*7~*~ . . . . . . . .
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Figure 4-8. Model H-6A A L•V •LG e FSTPAIý." CLIMB

indications during nor-

mal Right ~ 7I "
C STRAIOGT OIVE 0 tIGHT SAN4K E LEFT *ANK

- V
*1*

P. C•tllMiNG 011GHT TURN 4. DIVING LEFT TURN

to tile horizon bar, tihe aireraft is banking. (In bir rea'hes thlte ext remes of visibility through the
actunlity, tile horizon bar tilts, making the miniin- ftace ghiss, but the nimnelcal pitch scale oil the
ture airplane appear to tilt. The little airpline II-6A, which is visible through a window iln the
is tidjustable in flight to give a trite picture. but it face, reads up to 80'. ]i a(dition, roll call Le
is fixed andl inmmiiobile. ) The miniiature airplhne (oiiIl)Uitted beyolld the 910" limits.
ii)I)eltilS to tilt to tile right for a right biank and(1 to .11/ t/i..•rsc /lilnitioto., howtc,'.'', aplly ondy to
tile left for a left halnk, giving the lpilot it true pi.- t/he aw//,. d mt to t/he f/I/r, ;t.melf, whiich is
tuile of a imvrar ft atttitutde. lit a(l(lition, tile hiatik lneVerl ulpset du.nring acrloblati(s, loops, or inverted
Inidex att the the top of the bank indicator dlial indi- fliglht. 1oll may1tv be Conmpuitedt throuigh 360, Illad
cmtes the miminunt of bank oil the bank scatle. ill inverted fflight the p)itch anlld r0oll india'IttiOlls of

tile horizoill ubllr are is a.-cill'itte its they title in
Performance During Acrobatics i..nahll flig,_Iht.

'I'lie horizoni indicltor is designed t(o portray '\\'hieever the airlplaie utl)l)i(rlo'hes it vertical
the pitc.h tttit uhde oif the niircriift to 27- ihi both (.lilI1 or dive atttitlude ats it (loes t l. g it loop, it

andve • cd hlillb, 11t1(i aircraft roll to 90-- in ri-ght •uiiuul] stop on the gyro atssellybi' " (, lieCs ill (olitact
nid left bmiauk. At the p)itch limits, the horizon with till aIdjuslable slot ýecUl'ed to the gillmball.
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The eflect of this is to precess or rotate the gyro Mechanical Caging Time:
ai1d ,.imlbal ts.:enihl v a controlled extent of 190' Within 30 in roll and pitch--approximately 10

Secondls.

ill t-oil. 'I'hiM act ion is Iflolei itarv and( is niothinlgIi kroll.i * ct 111111 ion (ii let, ntniryg if tl isiet ~Settling Tii.e After Mechanical Caging:
like the "tu ibling" oi-' upsettin~g of tile 1"ro. N<,irinlli grounii or flying attitude itinuxlwun):
A fter tilt coiplelh i'on of this precession, tile gyro Model H--------------------- 3 Minutes
is completely operative. Any displacement that Model H-6A ------------------- 2 Minutes

iiav have occurred is corrected almost hinniedi- -Settling Accuracy:
ritch ------------------------------------ ±--t b the erection teheanis nt. r..e Roll----------------------------------- 1Th'le pitch Indications of tile instrument are ......

ideh,tial for erect awd for invertedi flight, except
that ill tile inverted attitude the bank index is COMPASS-CONTROLLED
1_8W olp,,site the vertical index. If the bank i-n- HEADING INDICATORS
1cx iN 180' op/)ovite the rertiral index, you know This section deals with some of the prinicpal

thflt -c .qlifht and iyoui ,t.t at ty pes of remotely controlled magnetic heading in-
,('crdhlly.dicators. The simple panel-type mnagnetic, coni-

Performance During Turns lpass and the principles of mnagnetism are covered

A. teiuil' Jrarn displacemeti t the next chapter.
i ts mrr dilIII oiion ht1111 t g f tursis e gyro~ fre- Before going into specific systemns, you will

i a)it d in isd it. helpful to look over the following run-
fer'c.I to i•s 't Iieor". Tie aiuiit of lis- down of the typical components of such a system.
iflhce ment dlepenids oi the rate of iurn, airspeed, The com.paxs transmnitter containz a compass,
erection rate, gyro inclination. and gyro peendu- compensator, and a synchro. Ae- the compass
losity. Il the I[-(; and I1-6A horizon indicators, turns, the synchro follows its motion by induction.
the rrect m, late, gyro inclination, and gyro ' The compass float is in fluid and is free to tilt
peiindilosity are. so low that trie turn error is either within certain limits. There is a flux valve ar-
itegligilha, or yery slight through a. wide range raigetent directly below the direction-seeking

of airspeeds and bank ,ngles on either side of the unit, and the magnetic lines of flux cutting
design nirspeed of 55o mlph and bank angle of through a conductor induce an electric voltage in
5i)e. (At the (lesigin nirspeed and hank angle, the. it. This voltage ir transinitted through an ampli-
turi error is zero.) After the airplane has re- tier to the indicator. Generally this unit is not
turned to lev('l flight, the gyro i!ý automat'ically re.- gyro-stabilize except in the Flux Gate type (a
tiuned to its normal position by the erection

Operating Limits

The following are the (,operating limits for the
Model I-0 and Modeil H-6A horizon indicators
as iiieiiskit.id froiii level flight conditions:

Trim AdJustriPit (miniature ii rpi ae):

_'rril inli:dcitor wdjiustuble from horizontal In-
dhllecl froni +6 -20*.

itoa11cating Liiiuits:

lih,rlzon ihur trav(eI --------------------- ---27'
l'Pita scae. travel (lid-4A only) -- ------ 5 to 80'

(1perr.tiing Range:

Furlianeiuverability in Nall roll nun
pitch :

It1it freetiu, .-------------- ----- -__ MW Figure 4-9. Moving-pointer, settable-poinler
Vitch fretduii-stiMls at ------ ----- compass indicator
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Figure 4-10. Moving-dial compass indicator Figure 4-11. Moving-pointer, settable-dial
compass indicalor

PH'iX.et ti-ltiO-n:lite). Irhe t1t:1ittittept mnit also Hor' difliuhit to v'istoilize 'oitr fi~liit direltioll
illc d,.., :1 cll)•wl•:lt i•,li device hilidlr11 to thitt teIhtive to the 'oll)lpiss poilits. 'Flhe rciprocal of

" [iI;d ill t! .im ,icl 'clmlmss. \I tlt hendil - iotv. , i e tSoIl ille wityde .

jol- fn'omi the tr: tl.;lait tl and t,-pd titetto otl to) 4-11). 1 1 is a t vl , Ilw ill wide ls, whit'h tRieS

tilte nihoitu'. lhitst utit :1L,(. s•irVesr' asq it power to Ililt all the requ itreiettts--headiog iglldiclited
ptl't at, l.h.'t rIl joit ititl tl,x for thic sV.AtAlt. at top (if dI I.reol ): .I ~ uterimiatiort of 390

The i.,irwtfo., ill relmlote colhilmss iostallit- :11d 1o l° healdings, :iwd oi.rl O'ientation its to
t hill;l.\ Ib•,' l tel' itre't Moi ilh(i'at'r) (MNI )I) or" touth. Y•ou ImI eit hl, Met orth it at the top itodlex
VP;t(ll* llllticiltots. hotll itlIaster iIinltl01t S01111(- 1tot ted rey oilt liel Itng f rotil the ttlvell, o. (Iyolt Ill-

t 1i~IICS lilt' Vprovide tt comtrl.pelsatloll or ad- vest the desir.,I helalit the top Index and fly to
JoII i h t, , I but u. laItIv is dein ihlted( ll. master old , 01 hold the netld1e vei'iti'ili. Il this hitter Situation,

if t ha;i :t 1.yro oI" other itle'h~ tb~i within .it, You (t IllIlsio ri'ld out the 90) :id ,tiiIMP ipo.itions
Cls;.e. Iii, (loll lilly lotk ,xot1v like, I rehiti ve to the iehemioi net oil thl, top index.
llaitul, (1i;1l, but it ow .-lY 'vl.ie lts i tOl' itndi•altionst 4. litdo-i,-mg eti 'ty tU tp (Fig. 4-12). ''llis

(H tilt, lt.tetr Inldic'altor by u1-e of u sYvilin.o oive. is the, hl-st imIliat•r. thi, ]MOH or II)-i250, which
"'lit'hre :1 nt foliO tIllItI olt vlIl' wS of ilI ( 'IICators, hImls lusulted frollt the need to reduct' til t-1111111be
ý4(m wl i'lloi-: the ,' - ()I'•• ll,:m -, mI hl o v , wlV ht, lis d of 1" ;I ()i t I tile l- •l Ill lllisi istul., l'lulellt, thle
\% Ili, vnri'i wm• ditlere'•i~t ivldlumtolrdi;,l• Ill differr ill Iw,4,•l4's ;mtl' ni for lildif-ting nl ll ivillti. ]li.'adingz

I [ft. t for lil' ! i ii Mil) ill itIg or" IlIlIl lIltl, ' I ll e ing ill-

I. M o'in jl. tt igtt ll -lurlit lt t Ft. dh'itilnl .g : st ils. (See ('lliptelr 7.) "'l'e illig-

-- 1. 4 'lh < , Vlw', notl ]to)\\' In , lll li il ,,1 111d - el•,ic' lle:I(lli • i,4 - lo llunder t~ he top in-ex pip,
ca;tlu dh ccim'•i~ l oI! the, lo!,g, sillgh. iiwvdI(- l l, t ailld sliil h ria 1. p il'ls ; ther 1 !11)' allid 1,40, p~oim!.

dwroiui flli k.dh i-, iliiillillitl\Y adljwii d t o' l 1 tivi t'•i d lit oi lvi.e wwords, so f'ilrl-• l i, , ' l i' liillmss. In'l dling
lio ;l-l~ig. Tlhu im - I i>. kll-. 1,, ii1:1 t. -Imu t. liil P mJ imll Il,- iiin I .li.tcw- ilm-1l, ilhli type is I-ed l in llie

111,il'e fviil-', on! tiltde iie li'll~ '•. 'l'!l tYPV 1, ; i• • lle N,:iY ;il: Ilh l oiO ilig (1l;t'. tl vp (F~ig. 4-10 .)
C(I' l!iltiill\ u1-i'l Ill lt ':1iSi li,,rl UIl~ l'r ft, fill. \%,llc,.] "i'lie b~ig 1 1£ e - lc 1ýlilt,~lne i ;Idie i~ h lli ()f 1r:1111o hear i ngii

]ll(,;i,li i I > •ii I. illl)•m liim it, t l l i. III tll .,• ci' llllt'ri'loll, it I.- lillp o l'lili l fo r Y o ul

7. .l+• ili> (1 l:il 1. l~ vp I -i7 -- il . "'h1 i, !vpe)( io klii w tllw l tilt- U I•,1 iw it' h' ilv4 iiw v Ili, r~i ncovilqr e

t• it-,• 1l It.;[(! -t!l lbi Iin I•n i l._-., .ý n (III ;ll -t fl \.lv l i t2l ; lifl ullt'1il v(1il1 1 n'lill Ill Ililivi'ru it ;kill'I'aifl, ;iiid

q .. ly,•i,,' ;11 the III]', lIio\vCtw 'l' \N i 101 1 iS pe, it t• hturt 1.4 I1() re;id 1ll1iforlilitv it- to wholhvi.r the
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Briefly and simply, the system centers about an
electric gyro heading indicator which is mechani-
cally set and precessed on the basis of magnetic
heading signals from a remotely located compass
transmitter. A "free gyro" switch permits dis-

-connecting the gyro from the magnetic control
in areas of magnetic disturbance, such as polar
regions and carrier decks.
. Conmpass errors are still present, though to a . ....
limited extent, in the new systems. All the com-
pass systems discussed here eliminate deviation or
reduce it to a constant. None of the present sys-

-tems, however, eliminate variation. Dip, or the

e4-12. Radio-magnetic indicator vertical element of the earth's magnetic force,
continues to cause trouble, but only in the higher
latitudes: in the case of the gyro flux gate com-

single or double needle is used for any particular pass, the problem of dip is eliminated even there.
system. Either needle may be connected to the Turning errors and temporary inaccuracies
ARN-7, ARN-6 (MF/DF), ARN-25 (UHF/ caused by tilting in any direction over about 300
D)F), AHNN-14 (VOR). ARN-21 (Tacan), and still occur in most of these compass systems. Here,
others, again, the gyro flux gate system is the exception;

The point is that the indicator does not it allows 650 limits of pitch and bank, but if the
identify the compass. Even the words on the dial limits are exceeded it is damaged unless caged.
are not conclusive. For example, though one dial Some early models of gyro flux gate compass per-
may say "Slaved (Gyro Magnetic Compass" and mitted manual adjustment for variation so that
another, "G.yrosyn Compass," the term "Gyrosyn" they read true heading if desired, but this feature
is merely a trade-name for the Sperry brand of is no longer incorporated in compasses now in use,
slaved gyro magnetic compass. As a matter of With this information in mind, you can now
fact, the two dials thus labelled might. be part of consider the main compass systems which are in
the same or different systems, though both would general use in naval aircraft. The early gyro-
be used in slaved gyro systems, as discussed later, magnetic (slaved gyro) compass systems such as

The flux valve is a sensing device which deter- the G-2, P-2, J-1, J-2, or C-2 or -3 (commercial
mines direction from the horizontal component designations) are not considered here because they
of the earth's magnetic field; that is, from the are going out of use. The discussion will center,
earth's magnetic lines of flux. This type of corn- rather, on the gyro flux gate type (briefly), the
pass is less affected by di-) than the ordinary S-2 slaved gyro magnetic compass system, and the
magnetic compass. Inci.dentally, the term "gvro MA-1 compass-controlled directional-gyro system
flux gate" is a trade-name for a gyro-stabilized in- (with mention of the N-1 magnetic slaved direc-
duction coil magnetic compass system in which tional gyro 'tabilized compass system).
magnetic inductioi rather than electrical induc-
tion is used to transmit the direction sensed by the GYRO FLUX GATE COMPASS
compass 'mit. SYSTEM

The ,mr-ms ,dar'ed gyro magnetic comla.Rbu
Ylated heading indicator, compass conitrolled The gyro flux gate system is bulky and is gen-
direction .yro, and other such titles describe. a erally found only in large aircraft. It eliminates
genwe'al type of compass system used as the basis turning error, dip at higher latitude., acceleration
for ninit riemote-indicating compass systems today. errors (including pitching and rollh~g errors), and
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..... .----

Figure 4-13. G y r o flux
gat* transmitter, usually

- Jnstalled In the wing of ___

the airplane

deviation; it will operate properly through ma- speed of around 10,500 rpm. The flux gate is ---
neuvers up to 6 5 ' of pitch or bank. Because it attached to the bottom of the gyro housing and
eliminates dip, it has become a necessity for polar consequently is always horizontal to the earth's
flights, though there is no magnetic compass surface, regardless of the attitude of the aircraft
-which operates properly near the magnetic poles
themselves.

The gyro flux gate compass system is com- •
posed of these main larts--transmitter, master
indicator, amplifier, repeater indicator, inverter,
and caging switch.

The transmitter (Fig. 4-13) contains the com-
pI.-s element, or flux gate. and is placed in the air-
craft where it will be least. affected by outside
magnetic fields, usually in the wing or tail. The
flux gage is the compas element. It is an electrical
device ill hI1ch certalin voltages are induced by the
earth's magnetic field; the particular voltage in-
duced depends on the position of the flux gate in
respect to that field.

The transmitter also containis an electric, uni- Figure 4-14. Gyro flux gate compass master
versaliy momited gyvr I wit n aorinal ol)erating indicator
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o r cha1lIe of airspeetl. Thu", nagtlletic dit) errIo iiistil. 'l'hi.i switch 'av be any one of three types:
never occurs in a gyro flux gate c01om1pass. T'he push-button, toggle, or manual crank. The first
ljil ijts of olpration of tio gyro are (;.) of pitch two types actuate an electric motor which turns
;Ind[ xi,,ik. the caging arm by means of a flexible drive shaft.

.Alu ertt ion echanisi n incorporate(I on the The third type, which is found only onl older in-
gyro housing ahvays keeps the axis of rotat ion of .tal]otions, rotates the caging arm mechanically.
the gyro in the vertical plane. The caging With the push-button switch, the gyro cannot be
niechanism is used for the same purpose as the left in the caged position. On the toggle-switch
caging inechanisin on the horizon indicator-to type, the gyro can be left caged; in that position,
,.r .,t O le gv.yro qIicL-!v or to prevent damage when however, the compas:i indications are subject to
the ]itiis of operatiou are being exceeded. It is dip error.

ireiotely controlled by a caging switch located
ierar the master indicator. S-2 SLAVED GYRO MAGNETIC

The master indicator (Fig. 4-14) has a large COMPASS SYSTEM
a/inuth dial. It is generally located in the nav-
igatur's comlpartment and presents the indications The slaved gyro magnetic comlpass provides

which are received from the transmitter. At the a visual indication of the magnetic heading of an
bottom of the indicator face, there is a VARIATION aircraft on an indicator whose operation is gov-
kiml, by whic'h the variation for any particular erned by at gyro. The sp~in axis of the gyro is

area can ibe set into tire indicator so that tiee indi- stabilized in a horizontal plane by mneauv ')f fl is

IaI m, will read true headings at all t inies. (Correc- leveling device, and its orientation in azuautn is
tiols for aIs much as 560 E or W variation can be slaved to the earth's magnetic meridian by a "di-
applied. WVith the variation dial set on 0°, the rection-sensing" component. It is, in effect, a gyro
indicator s.hlioNs the norinal magnetic headings. stabilized compass.
Deviation can also be compensated for at the The flux value (Fig. 4-15) is the "direction
master indicator. This compensation ,an be made sensing" component of the system. Because it is
at 24l points on the indicator face (every 150) and suspended in a damIping fluid, the "direction-sens-
eliminiates the need for a compass correction card. ing" component, or fundamental unit, is main-

The amplifier is used to step iIp the signal tained (.,n the average in the horizontal plane, and
received by the flux gate so that it may be sent to therefore detects the direction of the horizontal
the indicator. A gin-control is provided to in- coml)onent of the earth's magnetic field. This
crease compass sensitivity in extreme latitudes. horizontal component of the earth's magnetic field
There are five settings available: No. 3 is the posi- which is sensed by the flux valve is the basic head-

Thie repeater indicators doplicate the read- ing reference. The sensing unit remains pen-

ings on the master indicator at places other than
tie navigator's compartnment. As iany as six
repeaters may be( connected to one master indi-

ctor' and the readings oii each of the repeater,;
incorpiorate the corrections for deviation and var- 14

iatis i made, at the master indicator. A course-
setting poiiter is provided on the repeater dial.
The power for the compass system comes from the
in'ertmr whi chl suiplplies 400-cycle alternating cur-
rent ar 115 volts.

The fact that the gyro assembly is inaccessible
to the operator makes it necessary to have a re-
mole caging switch to operate the caging itneclia- Figure 4-15. Flux valve, 5-2 system
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headii•g synchro (within the directional gyro con-
trol) relative to its rotor. In this way, the sensed

______ -indication is transmitted and made visible on a
iremotely located indicator.

ThIe repeater indicator or other heading indi-
cating instrument slhows the heading sensed by
the flux valve. It includes a svnchro which re-
sponds to the electrical influence of the heading
synchro in the directional gyro control and has a
poiinter or card attached to its rotor. Thus, as the
sVychro rotor ii the repeater indicator ele ctrically
follows the rotor of the heading synchro, the
pointer or card moves to indicate the turn angle
and the magnetic heading of the aircraft in
degrees.

S• The slIved gyro magnetic compass amplifier
(Fig. 4-17) performs a dual function. First, it
controls a torque motor which precesses the gyro

Figure 4-16. Directional gyro control, S-2 system to align it with the sensed direction, or the earth's
magnetic meridian. Secondly, to accelerate the
gyro erection a tid its orientation in aziniuthi, the
aniplifier supplies above-normal operating power

duilots through approximately 3tP. When this
I linit is exceeded, the sensitive element also picks
up part of the vertical component of the earth's
matgnetic field, whicli gives a false alarm.

'T'lie sensing unit transmits the direction in-
formation electrically to the flux valve synehro
stator in the directional gyro control, If the gyro
spin axis is misaligned with the axis of the flux
valve, it is precessed by means of a torque motor
until it is aligned with the direction that the flux
Valve detects, thus slaving the gyro to the earth's

ainmagetic' meridian. A coilipens,ator eliminates
erl'O's C aused by the parts of the aircraft. and its
electrical apparatuns.

T1he oi'ect jiona gyro control (Fig. 4-JG)
houses the gyro which is controlhled in azimuth by
the flux valve. In addition, the gyro spin axis is
c('Wtro!lel in a horizontal pllan- by a liquid level
switch which operiites a second(l torque motor to
,recess hlie, gnyro if it tilts. Thus, the gyro is

slaved to the earth's magnetic mneridian by the
fliix valve, 1111(l t spin axis is milainntained( par-

•llh] to tii eartli's surface by the liquid leveling
d(hvice. As the aircraft turns, the c'a..e of the
di'ecti,anal gyro control rotates in azimuth
0uo0mmu I the directionally stabilized gyro. This Figure 4-17. Slaved gyro magnetic compass
rot:kition aligimlarly displaces the stator of the ampllifer, S-2 system
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for .;Ippoxiatltely three liiliites to the twvo torque a free gyro bl placing the ,SLV,%N O-. Yl (;Y)o-Fli•, GYRO

illorors in the odi'ectionmi gyv o control. It is ad- )witch on the comll)aSS controller ill the Fr•T oYro

visatble. therefore, not to take off until atbout three position. Thib prevents it from being slaved1 to
minutes lifter the 11i r'rcift poower is turned on. an utuieliable referelce--the vertie Id magnetic
Since the ,vsteinl will not go throligh its falst shlv- lines of force.
inug ccle nutil the D)(' power is s•ppl jied, it is The conilpuss controller (Fig. 4-18) is used to

necessar ,v for AC wnd DlC power to be supplied select free or slaved gyro operation, to set- ill a

simultaneously for proper sequence of operation. selected heading mainually on the heading indi-
Interruption of the aircraft's pover supply in ex- clating instrument, mid to monitor synchroniza-
,,SS Of one mi61te c' luses tit fil't sl•ving cycle to tion with the flux vallve by memis of it sync meter.
be repeated. Thme syn, in eter p)ointer usuallly oscillates in flight

By using a low precession rate, northerly becatuse tile pendoulous element in the flux vialve
tunning error iiald turn error itre minimized. Tile swings back and forth. The colnpas-s controller
gý-ro imts at low ramdonm drift, whiclh is corrected is designed for operation by the pilot's right blind.
when it is slhved to tile umimgieti, ijueridiml. 1low- WVhel miore thani thl".e relealter indic'ltors ire
0.v0., when the gyro is used aI, a free gyro. ,'oat- used iII this systeimi, a compass repeater ainlplifier
siniaial correct ions ale necessarVy to vollect for this is required. This afllmpliier cun serve as imany its

drift, six repeater indicators. Thilus, it is possible to use
Twe sy-steni is tested for atccuraicy under nitag- at total of ]ilne repeal ers in a single inst lllattion,

aet ir. conditlions which simultte those of the earth's three without and six with the itimplifier.
sai'fali'e aild it ,gives correct headingh. under sl'ved A transinissioli erro1 1 comnpensator is used
gro ininganetii olperutmou over till porttions of tile where accuracies greater than one-ha1lf of one de-
earth except where the maugnetic lines of force dip gree are required. It is used to coinpensate elec-
at ali angle of 14 ° or more. For navigation in trically for the double-cycle transmission error
these are•-s-the polair areas---the system is used is introduced into the systeni.

Figure 4-18. Compass
controller, S-2 system
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Operating the S-2 System With the SLAVED GYRO-FREF GYRO switch in I'iE

For proper sequence of operation, both the GYRO position, the system operates as a directional

AtC and IDC power supply must be turned oN gyro. You can set the heading indicating instru-_

Siulllitaneously on the S-2 system. Auxiliary ment to the desired reference heading by means
of the SET 111EADINUt-FRF-E GY.RO sw-itch. In direc-

switches, if used, should also be turrned oN to
start the operation, tional gyro operation, the system is subject to the

For automatic setting of insame drift limitations as other directional gyro
the SLAVED GYRO-FREE GYRO Switch on the controller indicators. At periodic intervals make drift cor-

in the SlAV'D GYRO position. In this position, the rections by means of the SET HEADING-FREE GYRO

syste indicator i that of it stable magnetic. c - switch. The sync meter is not reliable in areas

pass. To orient the gyro quickly when the power near the magnetic poles, but when you return to

suppl)lv is first turned on, the amplifier supplies slaved gyro operation in areas of sufficient mng-
- netic intensity, you can synchronize the systemnhigh leveling and slaving voltages for two to three explainensiouh t.

minutes. When the gyro and the flux valve are explained before.
misaligned by al)proximately seven degrees, the
slaving rate is approximately 90' per minute,
The normal slaving rate which follows this fast
cycle is from three to six degrees per minute. This
slaving rate for both fast and normal conditions
decreases as the aniount of misalignment decreases
uitI it. synchronized null is reached. The sync.
meter should be regularly monitored to insure
proper synchronization.

When the SLAVED GYRO-FREE GYRO switch is
in the s"%Vrn GYRO position, rotating the sET HEAD-

ING-FREE GYRO switch has no effect on the system.
Therefore, if you want to set the instrument man-
ually, put the SLAVED GYRO-FREE OGYRO switch on the Operating Limits of S-2 System
controller in the FREE Got-Ro position. If the sync Flux V'alve. The fundamental unit of the flux
lieter pointer indicates to the right of the index valve remains pendulous through 300 in both path
line, turn the SET HEADINO-FREE GYRO switch to the and roll. When these limits are exceeded or a turn
DEC (Decrease) position. The dial of the di- is being executed, the instrument picks up the.
rectional-g,,ro-control and the repeater pointer or vertical component of the earth's field which dis-
card will rotate in a numerically decreasing direc- torts its sensing and causes false signals. In tern-tionl at. ."PI ,i lte ,,! !

l .ll at a prlO .~i....; :. , 0. . minute. ,id t*he perate latitudes and for turns not exceeding three
lieter pointer will eviitually move to the left. minutes' duration, this error will not exceed ten
If the meter p)ointer indicates to the left of the degrees. Restoring the aircraft to an attitudie
index line, turn the SET HEAI)INO-FREE GYRO switch within these limits again renders the fundamental
to the iN( (1Icrease) position. The dial of the unit pendulous, and it. automatically resumesn ,',r-
directional gyro control and the repeater pointer rect sensing.
or Carid will rotate in a numerically increasing di- Directional Gyro Control. The gyro in the
rection at approxin cately 900 per minute, and the directional gyro control is free to operate withini
meter iminter will eventually move to the right. s0° from level flight in (live and climb and in right
When die, eter p ointer is centered on the index IIrId left bank. At te limits, it strikes miechanical
lile, the syst en is then svNichiroiizi7ed within - I stops which render the indications on the direc-
degree. If you now want to return to automatic tional gyro control and the rel)eater indicatom'
operation put the SLAil)D oYRO-FREE UYRo switch iil inaccurate. After return to level flight, reset the
SLAVrE GYRO position. instrument as indicated above.
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Drift Rate in Frte Gyro. The gyro is cali- the systeni in the form of a synchro output. The
brated for zero drift at a latitude of approxi- controller (Type KE-7) contains all operating
mately 420 N. Therefore, when this compass controls for the system. These controls include
s;ystem is being used as a directional gyro at any a knob for setting the hleading, a mode-of-opera-
other latitude, corrections should be made for tion switch for free-gyro or comnpass-slaved opera-
earth's drift rate. The random drift of the gyro, tion, and a knob for setting latitude correction
after it has been operating for at least two hours, during free-gyro operation. The controller also
will not exceed -t'- for a one-hour period at ap- p)rovides indications of system synchronization or
proximately 240 C. power failure. The amplifier (Type KE-S) re-

ceives signals from the compass transmitter and

MA-1 COMPASS SYSTEM the directional gyro. It provides electrical out-
puts for gyro leveling and copllass slaving as well

The MA-1 compass-controlled (lirectional- as an output of directional information. The
gyro system is now installed in most new naval amplifier also serves as a junction box and power
aircraft. it is a slaved gyro type of system, also .upply for the system. The transinitter is the
known as the J-4. Various manufacturers who same type as used in earlier systems, such as the
make this type of compass system call it by their 8-2.
own i:anles, too. Sperry calls this a "Gyrosyn"
(the same iaiine Sperry used for earlier slaved Compass-Controlled Gyro Operation

gy ro compass systems). Eclipse-Pioneer calls its A gyro is inherently very stable for short
version the "Tolar" compass system; Iear names perilos of time, but is subject to lona-tinte drift.
it "-'recise": and Kearfott calls it the "S4A." All A inagnetic compass, on the other hand, wanders
are basically the same, though not identical. continuously about the correct heading because of

'ITlie principal new feature of this system is acceleration of the aircraft and the like, hut its
tl e latitude 'ompensation, which reduces free average indication (except over the magnetic
gyro precession from the normal 15' every hour polar areas) is very accurate. The compass-
to less than 4° per hour. Kearfott, using some controlled directional-gyro system combines a

nits tmade by other companies, makes a similar agroetic-cosecau s transmitter and a directional
systemn called tlhe "N-I" -which reduces this actual gyro to secure the advantages of both. The long-

free gyro drift to only one degree pler hour. Both period accuracy of the average compass heading
the MA-1 and the N-1 feed into the RMI type of is retained as is the short-period accuracy of the
indicator in the usual installation. (See Figure gyro, while the short-period oscillation of the
4-112.) compl)ass and the long-time drift of the gyro aIt

'The compass-controlled direct iomal-gyro sys- eliminated.
toii provides an accurate stabilized indication of Here is how it is done. An error signal
aircraft heading through 36i0' in azimuth. It has corresponding to the ditference between the corn-
electrical outputs for operating a radio-magnetic l)ass heading and thle gyro :,.difing is anil)lified
indicator (RMNI), omnirange, and autopilot. The and applied to a torque motor on the gyro. The
system may be operated either as it conlpass-con- torque motor trece.sses the gyro in the, direction
trolled directional-gyro system or as a low-drift that reduces the difference twtween gyro and coim-
free-gyro system. pass headings. Since the precession rate of the

The colnponenits of flie system include a di- gyro is only 11,, degrees per inimute, the gyro re-
rectiontl gyro, i controller, an amplifier, and a sponds to the average heading of the compass
('o1apass triastnitter. (See Fiigure 4-19.) Tile tm-all.snllittcr and is i use osirtice to short-pericod
indcli'atioli of heading is displayed on a radio- oscillations of the cOmlpass, Becaise tihe heaiding
maipet ic indicator. oimnii irange. or whatever other of the gyro is (oonstnmtly. being cot trolled by a
indicator is I inked to tlie system. The directional signal froni the compass tirn mosumitter, drift of tile
gyro (Type K1)-3) is a remote, hernietically gy ro is eliminated, am(d an accurate, stabilized iii-
sealed gyro that supl)lieS aziIliuthl informlatimn to (uiclittio of the heading of the ni..crift is obtained.
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COMPASS TRANSMITTER

RADIO-MAGNETIC INDICATOR

OUTPUT To OMNIRANGE
OR OTH.R IN DICATORS _

AMPLIFIER__

DIRECTIONAL GYRO

- 1 CONTROLLER

S~OUTPUT, AUTOPILOT

Figure 4-19. Compass -controlled direction at-gyro system, type MA-1

Free-Gyro O peration W ith Latitude Com pensation (11rift, 11i1 adj~ustalt ]e d11vec't (.11l~e vt is ll',ed it) III'(-
W'hell the svstell is• oIwraled ;is• it five ,vr'o, .4-s flt-e gyro''•. ']'lle Il~l/tltl~l: ho1 Oft thi.,, k-'u1r elit Is

a y' r' o i s' .'- t ib .1 k .t t o a pl el~p • e i t 4d l'i f t, d u le t o• t h e t o)- t o) t h e a pl p a r e n l t d r'i f t r atet t o' f I~th e a y rl o w t h et
.! • ~ ~ ~tltlol~ li of tilt emi-th. '1'o o\'t col'•O le hl+si :i pll-lvUiPlt ]:itltllli. Ill• ý\llr•h tilt- lr''lf s fvlfZ llt•
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system operation is subject only to an actual gyro free-gyro operation, allows a direct current. to
drift rate of less than four degrees per hour. flow in the coils of the slaving torque motor of the

gyro. This current pretesses the gyro ati a rate
Autopilot Operation equal and opposite to the apparent drift due to

The compass-controlled directional-gyro sys- the eardt's rotation.
-tern can be used to provide stabilized heading in- The synchronization indicator shows when
formation for autopilot operation. The auto- the system is synchronized. This indicator in- -

pilot signal, which is in the form of a synchro out- corporates a white pointer that is visible through
put, can be taken from either the servoed output the window in the front panel of the controller.
synIchro of the system or dire,,ctly from the When the pointer is iII line with the white arrow
optional autopilot output of the gyro. on the panel, the system is in synchronization-

.. ...-.... that is, the angular position of the servoed shaft
in the amplifier corresponds to the direction indi-
cated by the compass. The indicator is actually
a zero-center inilliainnieter that measures the di-
rect current in the coils of the slaving torque motor
of the gyro. It is inoperative when the system
is set for free-gyro operat ion.

The powter failure indicator shows when
power to the system is turned (df or has failed.
This indicator incorporates a red flag that is visi-

ble through the window in the front panel of the

Type KE-7 Controller controller whenever either the AC or I)C powerType K$7 Contrller S1)l)ly is switched off or fails. •-

The controller contains all the controls neces-

sary for the operation of the system and the in- Operating the MA-1 Compass System

dicators which show system synchronization and The Type MA-1 compass-controlled direc-
power failure. tional-gyro system is designed for either compass-

The heading-set knob, labeled PULL 17 SET, is controlled or free-gyro operation. There is no
used to set the heading of the system. It rotates ON-oFi switch in the system. Power is applied
a svnchro differential which is electrically con- when the aircraft electrical system is turned on.

nected between tile output synchro of the gyro and After it is turned on, wait three minutes to allow
a synchro control transformer in the amplifier. time for the gyro to come ul) to speed before set-

'This arrangement makes it possible to change the ting the heading. A red flag is visible through
heaiding of the serv'ed output synchro of the sys- the glass x\ indow at the front of the controller
tern without actually moving the gyro. An auto- until both the AC and DC power have been ap-
pilot switch connected to the heading-set knob plied to the system.
operates when the knob is pulled out. This switch
can be used to cut out the autopilot when the ss.-
tent heading is being changed.

ThI e lliode-of-olWratiou selector switclh, la-
beled X. LAT-SLAVED-s. LAT, selects either compass-
cointrolled or free-gyro operation. '[iere are two
switch positions for free-gyro operation: o.le for
no)rtilern Iatitides, all([ one for southei'll latitudes.

Ihle latitud(e comlpensation control, labeled
SET 10 [OLAT. ('onttrols (conmp)ensationn for apparel't
drift due to tile earthsb rotation. This control,
wilhi•h is tilftiv'e onl. whell thie' s'steill is set for
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For co0ipa8s-cofltrolled operation, set the tion, the pointer of the synchronization indicator
molde-of-,peration switch, labeled N. LAT-SLAWED- wanders about the correct indication but does not
t r', to the sl,,\vkI) position. Then pull out the remain off to one side for any appreciable period
heading-set knob (labeled PULL TO sET) and turn of time. The corrected heading of the aircraft
it until the pointer of the synchronization indi- is indicated on the radio magnetic indicator or
cator is in line with, or close to, the white arrow oniirange, whichever is used as indicator for the
on the panel. This indicates that the system is in- system.
synchronization. Remember, though, that there systuh.

are two ditterent settings of the heading-set knob For free-gyro operation, turn the mode-of-

which will result ill all indication of syichrolliza- operation selector switch, labelled N. IT-SLAVED-

tiomi. One of these indications is erroneous. You 8. .AT. to either the N. LAT or a. LAT position, de-

('ai recognize the proper setting by the fact that, pending on whether the aircraft is flying in

"when you urni the heading-set knob clockwise, the northern or southern latitudes. Turn the latitude

poiliter of the synchronization indicator ap- compensation control, labelled Sam' TO LAT. to the

proaches the white arrow from left to right , when latitude in which the aircraft is flying. Then pull

you turn the knob counterclockwise, the pointer out the heading-set knob and set the system to the
alp)roli'hes thtv arrow from right to left. In short, desired heading as read oil the system indicator.
ott the correct setting, the pointer should approach As the latitude of flight changes, periodically set
tile white arrow by motion in the same direction as the latitude-compensation knob to the new lati-
that ill which tie knob is beilvg turned. tride. When yon have set the System for free-

The latitude coinlpensation knob marked SET gyro operation, the syt'chronization indicator be-
TO LAT is inoperative when the system is set for con5es no longer operative, so that the pointer re-
coinpass-controlled operation. In normal opera- bults at, or very close to, the white arrow.
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II

MISCELLANEOUS INSTRUMENTS

TIIIS chapter discusses two instruments which place two bar magnets near each other, the north
have a inore-or-less auxiliary role in instru- pole. of one will attract the south pole of the other.

ment flight, but which are nevertheless important. There is a magnetic field surrounding the
These are the ordinary panel magnetic compass earth, too. It acts very much as though there were
and the radar altimeter, a huge bar magnet running along the axis of the

enarth with its ends several hundred miles below

MAGNETISM AND MAGNETIC the surface. However, the magnetic and geo-

FIELDS graphic poles of the earth do not coincide. The
north magnetic pole is located in Baffinland at.

A simple bar niagnet has two centers ol mag- 73` N., 9V IV., and the south magnetic pole at
iietisni which are called pole". l ines of force 720 S., 1550 E.
flow out from each pole in all directions, eventu- T'e lines of force in the earth's magnetic field
ally bhanding around anl returning to the other are parallel to the earth's surface at the inagnetic

pule. The area througlh which these lines of force equator but point increasingly downward when
flow is called the field of the magnet. The poles MOving toward the magnetic poles themselves.
usiIIIlllN arc (hesigmlated 1,0rt/- and .Yot/,. If Noll Si'aking tevchsuic':ilk. the lines, of force have a

I ~5.4
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Magnetic field around a The earth's magnetic field compared
bar magnet. to a bar magnet

Figure 5-1. Magnetic fields
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to take care of any cluinge which may occur as a
.--result. of the shifting of the. poles or any changes -

in local magnetic deposits.
Deviatoion. Electr~cal equipment mounted in

the aircraft and accessories made of iron or steel,
such as guns and armor plate, may affect the read-
ing of thL magnetic cointass. The difference be-
tween the indications ol r compass on a particular
aircraft and the indications of an unaffected com- correction card. Deviation also changes with
pass at the same point on the earth's surface is latitude, so the compass should be swung on arrival
called deviation. To counteract thle magnetic at a new base of materially differmn, latitude from
etfert of the aircraft equipment and reduce this the old base.

. .deviation, compensating magnets on the compass Magnetie Dip. The tendency of the magnetic
are adjusted as follows: comnpass to point down as well as north in certair.

On a surveyed compass rase, the aircraft is latitudes is known as magnetic dip. This is re-
pointed toward magnetic north and compensated sponsible for the northerly and southerly turning
with the N-S screw until the compass reads cor- error as well as the acceleration and deceleration
re.tly. This is repeated on a heading of east, and error on headings of east and west.
the eriror is adjusted by use of the E-1V screw. At the magnetic equator, the vertical com-
On) headings of south and west, half the error is l)onett of the earth's magnetic field is ze'o and
taken out by adjusting the comp)ensating screws, the magnetic compass is not distirbed by this
Tlien the compass is swung through 3600, and the factor. As you fly from the magnetic equator to
errors at each 300 mark are noted. These re- the higher latitudes, the effect of the vertical
nwaining errors are entered on the compass devia- component of the earth's magnetic field becomes
tion card in the cockpit. pronounced.

Deviation may change for each piece of elec- This tendency is not noticed in straight-and-
trical equipment turned on. In addition, the level, unaccelerated flight because the compass
nmagnetism of the aircraft itself may change as a card is mounted in such a way that its center of
result of severe jolts. Therefore, it is necessary to gravity is below the pivot point an6' the card is
swing the compass periodically and prepare a new well balanced in the fluid.

SFKLLR FNUG

SIN

MIM

CN... . iO GLASS

" = = = • = - "PIVOT ASSIE SLY . . .

Figure 5-2. Cutaway and front view of panel-type magnetic compass
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When the aircraft is banked, however, the
compass card banks, too, as a result of the centri- .
"fugal force acting on it. While the compass card
is in this banked attitude in northern latitudes,
the vertical component of the earth's magnetic
field causes the north-seeking ends of the compass
to dip to the low side of the turn, giving the pilot
an erroneous turn indication. This error called
northerly turning error, is most apparent on head-
ings of north and south. In a turn from a heading
of north, the compass briefly gives an indication card from the horizontal results in an error which
of a turn in the opposite direction; in a turn from is most apparent on headings of east and west.
a heading of south, it gives an indication of a turn When the aircraft is accelerating or climbing on
in the proper direction but at a more rapid rate either of these heading, the error is in the form
than| is actually the case. In southern latitudes, of an indication of a turn to the north ; when the

all these errors are reversed. They are called aircraft is decelerating or descending the error
southerly turning error. is in the form of an indication of a turn to the

Acceleration Error. Acceleration error is south. Acceleration error is constantly present
also due to the action of the vertical component during climb and descent.
of the earth's magnetic field. Because of its pen- 08cillation Error. Oscillation error is due
,h11hu.-tlype iiimunting, the compass card is tilted to the erratic swinging of the compass card, prob-
during changes of speed. This deflection of the ably the result of rough air or rough pilot tech-

Figure 5-.Adjusting the E-W screw •

'- A4-IL .ý _



ALL-WEATHER FLIGHT MANUAL
NAVAER 00-80T-60

t

Figure 5-4. Magnetic variation in the United States
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brated in feet. The two F~fL'CI instruments
now in use are the AN/APN-1 and the AN/APN-

---- 22 radar altimeters.
A (cl,(racy "f the A.N-1 Radar Altimeter.

All F~INIC'C radar altimeters work better ov'er
water than land because the water reflects radio

* ýrm signals better. (Arid soil is an especially poor
reflector.) Over land, you have two problems.
First, most terrain is not level ard the needle
fluctuates as the ground level and terrain reflec-
tivity clhange. Secondly, no present model of

create noticeable error. Additionally, the coin- radar altimeter can anticipate changes in terrainI paratively sinall size of the compass bowl restricts . .. .
the nie of efficient danl)eiing vanes.

in tihe extreme lattitdes (near tile North and
South Poles) the panel-tvpe magnetic compass is
practically useless. TIh'e horizontal component of
the earth's niagnetic field is very weak, and the
lines of flux cannot make the needles line up w*vith.
tilie-I. Th'l'erefore c<oniplisses may s',in erratically
or i olicate incorrectly in the Arctic and Antarctic

i rI-gioii.-.

RADAR ALTIMETERS

Bassically, radar is an electronic means for ahead. They only show the altitude at the
ineasuiring distance by determning how long it instant.
takes for a transmitted radio signal to be reflected
back fromn an object to a receiver antenna. A APN-I Altimeter
radlar set can thus be used as an altimeter to ineas- The ANr/AIPN-1 altimeter is limited to 4,000
ure distance front the iiirucraft to the ground or feet absolute altitude above the terrain. It takes
water. Such an int strument provides albsolute about two minutes for warm-up and may be set
alt ithle,, in high range or low range. In higlh range, the

"h're are two types of radar altinietes, each dial reads 400 to 4,000 feet, and in low range it
wit! ai diftf'eret p.'rl'o-e. 'rhese are thle FMiCVW readls 0 t, 400 feet. Wh~en set. to high ratnge, read-

(frtquency -in-rsurmng, constant-wave) type and ings in the range between 400 and 500 feet. over
the pullse type. water or 400 and 600 feet over land may be inac-
FM ,CW-Type Radar Altimeter curate. particuliu'ly oln the high side. Therefore,

whuen flying with the A PN--1 within 6W) feet of the
'Flit transmitter of the FM i('W-type trans- terrain or water under conditions of poor visibil-

milts 11 siVnall which varies ill freqmlelia' at an1 ex- ity, kiep tihe instiuniemit set ill low range. In this
,'eu ttlu' rapid 1111(l constantl mlite. 'flit' receiver way, as soon as you get wit hin 400 feet, it will be-
IVi( up the 'ellected 5'i,•lll!. A, f'eliC-. to aei cu ati'itel'v. It does no lharm to fly
1(11ýr1 ll';ml g di'.ViC'e iliVISumes'{: the 'lifferemice ill Ire- w-ith tit, ilr ti" i mitlnietl.r rulnning even ait lilt ill-

(li betw ' eeni the trlulsinitted signal aidn the re- titude in excess of its linits. ]ni fact, this tiay he
l6ted siginlll ally imlstamit, TIis dilherence in aldvisible becatise, the in-tiruimellt is thus warinied-

fI-ql i('t !wY is mi]'ed to i'tllt le lilt electric m I telr call- lip iilnd re ldy fi ll uist'.

5-6 =

PiI + " , " , ' .' + -+ ' , . --' .= -' + ' ." * ' ., + " • " ., .• ; + -• ., ! -." ' .• .% , ., ; ' . , .• , " " < " • , " . • + • • "7 , r ., '



ALL-WEATHER FUGHT MANUAL
NAVAER 00-80T-60

altitude above the terrain; between altitudes of
400 to 1,000 feet this error may be as great as t 60
-feet. +'20 percent of the absolute altitude above

" "the terrain.
SI The APN-1 Altitude Lianit Indicatur. The

- . ---•T,,I" ., 'altitude limit indicator is a red light mounted on
J- the instrument panel; it is used in conjunction

with the altitude limit switch. By means of the
S-. limit switch, you may preset the equipment to

ally one of 12 different altitudes between 50 and
30)0 feet on the low range, and to any one of 11
different altitudes between 750 and 3,000 feet on
the high range. When setting the altitude limit

111 low range, the altimeter reads 0 to 400 feet switch on the high range, add a zero to the altitude
:IIId i-, :',uratt. to ±(; feet +5 peircent of tlie abso- limit switch readings. When you fly at. or below
lute altitude above the terrain. This accuracy is the preset altitude, the red light on the instrument
based on extreme conditions of temperature, hu- panel will be on. The light is equipped with an
nuidity, and battery voltage. During normal op- adjustable dimming cap by means of which the
erat ing 'ojiditions, the probable error is ±-t(i feet intensity of the light may be changed.
4 :3 percent of the absolute altitude above water You can safely exceed the limiting altitude

:aod ±(; feet +5 p)ercent of absolute iltitude above on the APN-1 without damage. The needle will
fle trr':,. At abs'olute altitudes below 20 feet read up to at least 400 feet in low range and 4,000
the accuracy of the APN-1 varies with the an- feet in high range. When these altitudes are

* te-iu:u installation. exceeded, the needle continues to indicate the al-
I n high range, the altimeter reads 400 to 4,000 titude until a point is reached where the altitude

feet aniid is accurate to ±460 feet + 5 l)ercent of the greatly exceeds the maximum dial range. At

absolute altitude above twater. Over varying ter- this point, a "drop-out" level is reached and the
rain, sand, fields, hills, and trees, the probable needle drops to some low value. This is normal
crior may be ±60 feet - 1o l)ercent of tie absolute and must not be interpreted as a malfunction.

F1i F`I-F2

MODULATOR TRANSMITTER RECEIVER MEASURING METER

1 _IIH DEVICE I ,_ /

CALIBRATED

TRANSMITTING RECEIVING IN FEET OF
ANTENNAALTITUDE

. . •,VTERRAIN

Figure 5-5. APN-I radar altimeter sequence

5-7



4|

ALL-WEATHER FLIGHT MANUAL
NAVAER 00-80T-60

S . .. 
. . .

1K _

Figure 5-6. Indicator 1-152-C for SCR-718 radar altimeter

APN-22 Radar Altimeter The APN-22 has a reliability indicator, in that
T'he AN A PN-2i• is also an FMi'W type, the needle drops behind a mask if an unreliablebut it has hieher range. Like ally FM, CW type, signal is received.

its error is lipired its it pe1rentage of the absolute Uses of FM/CW Radar Altimeters

thritude or it eixed installation equipiment type of FII/(11 radar altimeters are used to deter-r whichiever is targfet-. This instrumentd has mine clearance from tht, surface. A suchi they are
it l I liltit of 10,000 feet a ltitude abov ete thground very help 'ful in avoiding collision with tihe terl ill..
Undl 20,,0011 feet itbove witter. Its error is -+:5 They tIa lso IIseful tuider all ilst I'll:nm it Colidi-
I i~ruel•l ( thfat is, 1 ) .f t Ih indicated abahl tet , al- u stio . [hey aire widely used for sealplane hla dings
t Muile, or _ '2 feet. bletweel 011 a1id .0 feet for cx- CXd t to a lesser extent. for landplane la dlid is.Siltiple: 'nhey are esselitial for hurrictane i enet.rat iou to

d(llerillillp pressturie levels't• lid altiliieter .ettillHa
,,,,',,-M .....t•.:• v,.fori • l.l e i leroid lilt ilmlet- , al] ',:xre liol~ Ilismnli1u 11,411 foi- 0-t1, jetSt'.il f-,tr- .l

21 t2 iI t 2P
Sl ........ 25 ft ---- - -175 t,) 525 f.. liv( . e1.1(' th e l (t]noloer te Ill.h alli hd s eln-.5, (llO f t ?50 ft .4.7.",101 ,5, 2.10 ft. Ilh~yrd by' Ililt) je•! andl~ long-I',l lge I',ll lisporl'

-. ~~1,50hi) ft 0.) f! 1 ,125(l 1,_,_1,50 ft. i''rf .

%0. . . ,. , . ,1. ' -... - .. . . ..- ,.. . .. ... : .' '. ,'"'.. ,. ',,.. ',. ." "'.,,,..' .: '" '''.. , . ..
I... 

.... . ."-
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PULSE-TYPE RADAR ALTIMETER Notice that it is not suitable for use on landings

because of its minimum-range limit. The ildi':a-
The pulse type of radar altimeter operates tions are read from a cathode-ray tube, shown ini

like a conventional radar set in that it tiansnmits Figure 5-6. For information onl how to use this
ultra-high or super-high frequency pulses. These instrument, see the Operating Instructions, AN
lpulses are reflected back to the receiver where 16-40SCR718-3.
they appear on a cathode-ray tube. The only The pulse-type radar altimeter is generally
pulse-type radar altimeter in use by the Navy is used for pressure-pattern flying, jet-stream flying19,
the SCR-718. Most of the errors of the pulse and for bombing. While its fixed error leads to
type are fixed, regardless of altitude. some inaccuracy in pressure-pattern flying, this

The S(CR-71 is still found in ,ome ,R air- altimeter is the best instrument available for the
craft and in high-altitude bomber types such as purpos. It reads absolute altitude, of course, and
the AJ. It has an accuracy of ___5O feet plus a for pressure-pattern work is usable only on over-
small percentage error which is insignifieant to water flights to determine altitude above actual
the pilot. Its range limits are 200 to 50,000 feet. sea level.

5-9
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ANALYSIS OF MANEUVERS

J N'1' IM E'I'fiigltlike visual Ifight, depends aircraift thbroughi reference to flight inst-rumients.
Oil cion1plete mid accurate (*t)ntrol of the ir- Attirtide Instrument flying is like visual fly-

cia 1ft. 'Iliis, iii turn, is basedl onl the principles of ing in tha~t both use reference points to determline
Ilerodyn fiIn ics a lId tile wVII3 they affect the attitude thle attitude of the aircraft. While flying by visual
of thle a ircralft uinder various conditions. A full reference to the earth's surface, you determine the
miidersr and inig of thIisc factors will lielp rvoil do a attitude of lie a ircra ft by observ inig tile relation
better J oh of vontrol Ii g the at titutde of your air- between the nose, and wings of thle a irera ft a d the
phlane in b,)th 'kA ýml :1d1 instrumient flight. natural horizon. Whinle flying by reference to

fl ighit ins~trumennt. you dletermiine the lattituide of
ATTTUD IN TRU ENTFLYNG lie aircraft by observ-ing inidicatilonls oili the Inl-

strulrieiit~s which give You vs~clit iaI , N the same
''lie atl itide oif :ill u Ici ift is. tile relmi ioisliip inlforiiiatinii as you get by visual referenice to tile

of its, longitudillii xis (or flisellge) , its literal earthi's surface.
axNis (or' wing"S), andlt til VR ath"s sAilfaIce or an~y Aniot her s;ili larity 1vbet eei attitude inst in-
ihuile jiaanl hi to tile eart hs suiface. Attituiie inl- Iiiezit flying andl visuall tlying is tilie wAy1 inl whi cl
sti'liiiet thiN m is coitrolling" the' ;tt itile oif aln thle zliri'aft Is ((iltt olled. You11i, us c\11ctlI tile
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sane control techniques while flying by referenceto instruments as you do in visual flying. The• -•

largest single learning factor in attitude instru-
Inient flying i. that of interpreting the flight in-
strunients to determine the attitude of the aircraft.

Attitude Instrument Flying Skills

Attitude instrument .iying consists of three
major types of skills-instrument coverage (scan- CA"O-

iiiEg): instrument interpretation ; and aircraft
control. -. ' \D I

Inr.t,-umeiit Covi'erage. Instrtulnent coverage

is comlminonly ternied xcaniing. Experiments in
scan~ning hatve shown that a pilot whose instru- At k
nient flying proticienc" is tit a high level cross-
checks his instruments ninch more often than a
pilot whose proficiency is tit a lower level. In
fact, the lack of precision in instrument flying can VERTICALI

spfM ALTIIAA tilt AIRSPEED

often be traced back to slow and inaccurate cross- ,ND:.. INDICATOR

tliecking. The e.st way to unprove Figure 6-I. Attitude instruments es they might
through practice. appear in a climb

The most conunon faults in instrument scan-
nhlig are:

1. Omitting an instrument entirely from the
scallI.

2. Placing too much emphasis on a single
instrument.

3. Gazing too long at the wrong instrument.
As an example of how improper scanning oc-

curs, consider the case of a pilot attempting to re -___________

duce the airspeed and hold straight-and-level
flight. As the power is reduced, he observes the
manifold pressure gauge so closely in order to
make the proper adjustments that he neglects to
observe the instrumentR which would indicate a de-
vintion from straight-and-level flight. This fail-
ure to observe the proper instruments sufficiently
,could very well be the underlying cause for a ,NDIC O
poorly executed maneuver.

There is no one set order to follow wh-itle scan-
ning the instruments; it depends on the type of
mnaneuver ti be executed. D)urinig certaiin nialieu- 0
verl, o()0it instrumtent or group of instriulnents nitly
be of 1)1rnie iniport noee dlurilng other nianeu vels,
other inst ruien ts may be of prime imilportayiAce. v A',IP

•P OAt llIMI t1i2 ~lIRSPi (D

/a1.viullotilf IIIter/)e/etaiont. The second 11111- Ni.CA TOO -NDICATOR

joar tvlw. of attitiude inistrumient flying skill is in-
rrinueliit, i'terpreatio n: experience has showin Figure 6-2. Attitude instruments as they might

11i111 this 1, diflitmlhl I( heilil. liwever, since uppear in a descent

6-2
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proper instrument interpretation is essential to
precision instrument flying, you must apply your-

self fully in order to attain the desired precision.
The first step, of course, is learning the construe
tion and princip)le of operation of each flight in-

-__ - -strunient. This reduces the difliculty of learning
to use the instruments and usually results in
higher standards of proficiency.

The final step is being able to interpret each
i lnst runient itdication automatically in terms of
the attitude of the aircraft. If the position of
the, nose is to be determined, the airspeed indicator,

.r A. I OR .. the altimeter, the vertical-speed indicator, and the
horizon indicator must be interpreted. (See
Figure G-1 and (6-2.) If tie posit ion of the wings
isto be deteiiruined, the indications of the horizon
indicator, the heading indicator, and the turn-and-
bank indicator must be interpreted. (See Figures
6-3 and 6-4.) The indications on the flight in-
struments should be interpreted in terms of the

,NOcAToR ,3CA'oR attitude of the aircraft at all times. Each pilot

should use primary and secondary instruments for
Figure 6-3. Attitude instruments in a right turn proper instrunient interpretat ion.

Aireraft 0oPftro1. The third attitude instru-
ment flying skill is aircraft control. In visual
flight, you know the relationship between your
movements of the controls and the attitude of the
aircraft. You know what control pressures to
use, for you see the results, and you coordinate
the controls to lplace the aircraft in the desired
attitude.

Instrument flying is essentially the. same with
the instruments substituted for the visual refer-
ence points. Your control movements necessary
to produce a given attitude by reference to in-

strunients are the same as those in visual flight
and so are your thought processes.

Aircraft control is composed of four coordi-
-No. &!OR niated steps: (1) pitch conttrol, ( 2) bank controI,

(3) powr' control, and (4) trim.
Pitch control is conitrolling tile movement of

the fuselage about the latteral axis, it is accoii -

pl lished by movenient of thei ehvators. After iII-terl)reting tile pitch attitude of the aircraft fromn
.the lroper flight instruments, yoi exert control

' TURN & BA.Nk
, O tND,CATOR pressures on the elevators to effect the desired

pitch attitude with refereliCe to the earthl's surface.
,'4. Figure 6-4. Attitude instruments in a left turn Bank controil is controlling tle angle nnmde by

6-3



ALL-WEATHER FUGHT MANUAL
NAVAER 00-BOT-60

th I IC N% I I ;I tIl,. ,:ti'.1 .11'fitCo,; iI ,lher ,,oritk, APPLIED AERODYNAMICS

tileinc e ) iO t1 ofp t'ile i ng"t.'.1 CI '1o t (he nwiiwar(lil
Ithhf i• t phte is lii ,rved ihrd ih the iihi (Fig.

axis. .Afere !ndterpreth, [he bnk ttit frlf 5 hc s s
tile pro l)er i ] •t 'I' k ,itS i .V .c tlt tile dI .I i to-r ca'e N

l•tl is to uch for,'e ethc the iha lat : l4arte t the plnt
c oli tt l' P p i 'ei-.iris to .it t ill tilt, ' ,eiiite d h i ik 

e .

t i i o i t T h e 'eit i•tla c, ) t h i s lo \i'l- rd f 'ee p ri'o d u e s it

Pottweul. ciutl.re11 01s Cont ro t ile tokl r lit tt fo ere Irii g-11 itd (lift) I lld blckw itrd
(drikg). Ak slightly 1krehled oi- caumbered sur-flvee

plantIsiiet ''leit to ..tiiie !iiitsthe destr d a irsee ii d k.. ý ~ I Tr

h'dhe d iredn'.- e t d -.. \is tich iore eijifuient thian it ti it plate, but tile

1111tu t vilici y hlt l t the m•.t
l h oc t itch " bn11 r lt with t le, hede t -IIii ieth rrfoil slow pe with

ba ,-v tri o p).I Itre rf 1i 1 c o o r di nafttedr th e dhecs 11ot I ir e ttlt i t u d e l I I 
p ath

1111,; 11" 11 1that t ii cist lu e i st I 'lo l til oollt Iies ISe it rounded il ,os s'ei , the l t wa heied top, :1tid sh rit pi

di ta ssll \\hei y'u a ese hehi ioltl ha thie lessr !11o be Thos t l wc
t l l k r e'•l • ,t l 'l l V . '11 1 0 1 1 ' 0 1 1 1 I I' W t t 'X V . l {IV I < V d t ( I . -I\ • v S l i i ý : 1 i r f io i l w I n g Z ) I m v,, e t h r l l~ l lh t h ew : 1 1 .

hiexe :1, tmnI•\A C.Onll'0 prk'eýtrv- ns I• •il.port of' tile 111_tri~tre n Is forcedl to tto%\v 11 over. tilt

Sttetic , of course, tahp t c pitch, bainko ,eoeit e h i edge o,.II the a tfilt e ertslnder flows relow. The

hi li t ri gjm cutltv s ,l 1 ite pei e foit ie lm' s it a cooirdlit t o ed air vh i ch tf ows .we t the iti rifo l lls i longer is I tit l
"n.111lk , :111( the hweitktdm wi r~ix-jqj h ere- is ( i)II \- illi to tritvel m itt fins to flow fitste r, it o 'de r- to lim ike

hnld te tro:lt s e light of the ftt!,Ject.hi s h sa ti e a t the lailn d -Thr
too , tHim "ood il •trillllvi'lt flying te ,'hl hlnlI es Iiu'e fl mll ;'', T]h eorem , the itir w h ich fl ow s tilt filster

(11lticfll whenl 'oul :Ire tense. 'lewucemvss results )hit the lesser pr-essure. Thuts the aihr which flows

ill errittic 111d albt'nipt control nmovements tind lit ,over the airhfoil exerts less pi-es~sure oil it th,1ill

h•lolding prt.>slrev, I1m tile ctjltrolý. III opp•osition to tile Itir whiCh flo\%S Iunder' it, allol lift is crented,

tile trim . O ne \%I(\. of t)\el 6( l 1"l tensen~ess-i., s to p uishil" tile Itrfoil u11.

hofld the conitrols li~lhtly ;Ind( trim tile 111reurIft to l,ift Is illso produied litt the I~ledhli edge. The

nahtinitii the desired attitude, lehding edge is so desigiied Huit the approitchhliig

DUWCK OF MOVMidNT

_ _ , RATMArE _ .. £4. - .......... Figure 6-5. H o w moving
air acts upon a AlW plate
and upon an airfoil
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.......... ......
:.:.: Ia x )C ED PIR IESSU RIE RED OU C IED PR ESSU RE iii!

AT "A" AT "A"

Figure 6-6. Rduced 
REULAN.

pressure at " "

caused by increased

speed, produces lift

h V&P1AI TLMI A~tOIL

...... ......

air st tre im is split neatm th e botto mll . I hl e air i. be m ov in g p ast th e a i rfo il o r th e a irfoil ('-ill be

coliipletely St.opped here, and i t1 i tatiliatiou p)oilit passing thro ugh the air. 'D ie relative wind is

OU ll -1 w P res utz 1re1iuea is form ed. It is im portant parallel and Opposite the flight, path of the2tht thw stagnation point lie created at the bottom aiirertft.

of the leading edge a tid comtribute to lift instead
of heimig createdi at tle center of the leading edge The Angle of Attack
and merely constitute an ine'•ase in the drag. ' The angle of att: .ck (Fig. 6-7) is the a sate

The trailing edge. i.s alsio very important. angle measured between the chord of the wing

fere .the air coming over the airfoil is abumt to anid the relative wind-not between the chord tnd

•ev .t tile high-pres.s•ure a 'fir stream froi the lower the earth's surfav 'e. Tie ch wd ]tile of an tie f ,i its~lrface. If the traililig edge w~ere ro unlded, tile n iere]N It voi.venient]N chosen reference ]'ine ill thelower stream would tend to curve around to the wing to me'asure the real or theoretical width of
kipper silrfawe. TIhis would rmstilt lit a se'ond high- the wing.
lw(-,sirv staminatioln point onl the kipper surface ofthe airfo il th at w o )uld oppose , lift. A s • it res -ult o f Liftmaking l h nilt-g ed e ,haRl), tile 161' stream Thle force of lift alway vs ikcts i nl a direetiondoe ,s n iot m allko the turn to the tipper stirfactý and p~erp~endicular to the rehi tive w sind and to thelit uI'l l'sil-;Ib h, fol -es me , Ill .0'd onI t ihe a flter lat erl lIXiS of tile A tirlv~ f 'A wil)g t to wilig-ti I)1 p arl t o f t h e l t-a if o il , a x is ) . I t s d ir e c t io n r e la t iv e t o t~h e e a r t h 's s il rfi eW 111 h th i ~s b .is , li ,tio ll ill 11 i nd . con~sid er llo w ell t k~e ch a~ng e ,d b y b an k ing th e a irc ra ft o r e n ter-the o )ther forc 'es liffec 'lill" flig hit I mll how Alm ey 41:1 Iihg d cli ms "an l klýý.ue ens. Th'el ila ~littide of theIb .controlle~d and c lhangetl t ,, Irod ,ict'. lit-. d h'>]rkd f -rlve of ilft is dil e't-0 Y IFly (I' i)Iwtl~d 10 1111 (I eISI ~yreac .toil of tile , ,•Ir'l-r ft. ( ,f tlh:k , air. l, arell of the % •'in•g.; lm , an i , '• w d

it •,I• •hlso oI h, ' til yl.t of wi'd 
t h l lfle

Relative Wind ould opposeflift. 
A. 

w 

m'tmiiltrof 

iitt

iittki g hetrilngtde ~ia p theait t em il attefck. of lif-Jt.JSV hWiiv Jcsi a1VV- direction'

I 'li •, rTi t 1tive wilid H!s ate Jo viilict is the a fte :1tgh, oi f ti tlw'] t)Il , i (t s(lilllng ijt to whin h|1M I r t• e :i ll- 1 . , i • to l1 1lil'f li . 'I'llc m r I-11 l [ po lli it 

t|lhI'ati f'o 

w ill ;JiVl fslll' l f I'" ll' ( t ill
iP iin

j th utiem orcs afectng figh andhowhex an Flit manitue o th
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LIFT RE1SULTANT

LIFT RESULTANT

I-ANGLE AT
OF O

09AT a(-.O

DRAG - .. AO

imi RsATIVE WIND EO

~ Figure 6-7. The effect of

-. -..-.- .~-.... - angle of attack

a zngle of att ack. Ilie ;Illmitlt (of lift (.;I11 lytonl- Drag

ihtullekd byV viir.ln ga'IN of thle. fa-t oris jtvit Iig ' tiv . u Odl id ej~ rr iimtltl of thlt iir tu the ___

mentioed. pi".iig of the( liirer-aft thr-otgh it. Dratg licts Ili

Illentiofle.thle. opp~osite' direction to( the flight of the alircra ft,

Stalls mid1( it is lpailldlel to tht, e PCI li w~CVill(]. 1Induceed
A" epa lwe bfore, the whole 1lllitteCI of lift drag is tile draifg resutil fromi the Hilii-ent it ero-

ilol veC lihe sililooth1 flow of airoe I OVl und( 1 lter tilt, t1-1iVllilii for-ces of flight. Parasl'it(e(I: sda

Ving. Detrlllilgthis ill milllih, ol (-fill ellsilly formi If Citusedi ht the tlislulptiolll t'ile t'tlCillldilC air flow~,
clear pict iliv of whitt tikt'.i p111ct %%-]lef it wing is ill skini friction, midh vi'lits 11110101- projvot 0)11 ex-

;1 sl~il. IAs die angle of littlick of the~i-NII 'is~ IsII- teningtl h~into the air Istream~l. rotki (11,lag is tilt.

-I-C:e,4.d. tile airh part icles Ilvle forced to IIIalcev Slimi of the Induced('i-tllrig and the 1 )ltrisite d[rag.
Illt lilloltlllO (of ind11 'ud drag p~rodutced by tho

SiaI I I]-) ' 1 Hd il NhII'lhltl tIIILIItVU ill tIlrecttiloll ill ordele
to lo iwcliiI.ofte Ig dependlts oill thI' slilliet factors Ius lift. ]l'l lllite

r1., dupwi oil :61-pee )I1
1 1-IIfilltllllslty l Of t-(,]I

Ht- ~. At ilnicratem wigle.. of atwk tlhe thpttlds IIrtWi 11( li'llliVusw
lick thepartcles its thIOM fllltdj,lS thidt~t ci-st kill fviý tHinl, aind tiut

(;il ivi illtiilite the( iliiitnl 1111-11 of tile ht'atdilig tlgv, like. 1'itritsit' driig vimi he inewisvelle by exten'iitiig

bunt ttilllilott follow the Winlg colitoul, (01111 lvttth, N the 1111)(1111g gelir. openling tilt! bomlb bllay. doors.ý

Ii m tof o t tick Is l l~tiw eisedt, th et poini t lit w hicli hiitthilift (h'v i(''', b ult sill(1' :15 lift lillriCs t. ill lift,

resili .< I t i ngr :1 t l ild Ick-d d r ~tv, 11,11 .;i ii

hicvim lii1v fti'i i'it 11th tlf I 
1111I1IIUC IIll

I6t tp ri<ll1ýjli.

t t .- '. t ill, t l< .. Ct 'C .'..tgl..I....fl'P<.' *11oii *ý*p* *J*tt (* *1*.* 'Ind * < * a .
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case of jet aircraft, thrust is the. reaction to the drag. 'l'lrust in this case is considered as acting
emiis.,iu, of gases through thie taillpipe. The along the flight path. All these forces must. be

n"amolit of thirust depends on the iower outplut of bIalanced for straight -and-level, unaccelerated
- the engine; for all practical purposes it acts par- flight. (See Figure 6-9.)

- allel to the longitudinal axis of the aircraft. With In inaintaiiing straight-ind-level flight., three -

thrust, you can con rol the iirspeed and flight facton, affect attitude-airspeed, air density, and
path of the airc'raft. the weight of the aircraft. The attitude of the

-Weight

1Weigzht is tile force of gravity acting on the --

. air('raft and its cargo. Its direction is always
-. toward the center of the eniith and does not change UPt .. .
c,\l, thomugh the air,'raft chanlges ittitldes anldti ugh t lparhs., lts• agni iode, wVIuhih deh~liids (,oilw.t--

Ne iar mas of tlie aircraft. aid its cargo, is cihanged
by cmiismiting fuel, dlroppling box,)i•l, and so oi. u.u•._/ AO

STRAIGHT-AND-LEVEL FLIGHTi .

InI everv Condition flight tihe forces acting . wGHm

oli the aircra ft hoive. i (let!nite relationiship). II1~. ra igzl-nit i!- level i gli~zt, wveight acts dow\nwar-d

tow'ard tihe (eliter of the varth:l lift acts pe'peli- Figure 6-9. forces acting on an aircraft in straight-
Iidicit'lr to tile rel, tive wNi11(1 mil ni iluall and op- and-level flight)osite to weight . drag acts lparallel to the relative

\rind; and thrust acts forward, parallel to tihe
longitudinal axis, and is equal and opposite to

,idrcraft, of Course, is the relation,hip of its 1longi-

tw(linal and lateral axes• wh th Olearth's surfacc.

-- '-• POINT OF SEPARATION (See Figure (-l0.) 1)o not confuse it with either
, te il ight path or the angle of attack.

Airspeed

At low airspeeds(, the angle of attack of anA. HIGH ANGLE OF ATTACK, NEAR

CRITICAL INC!DENCE ahifoil lmust he relatively large to prodliCe thel lift
net',sary'v to unmintain level flight. Thie aircraft.
limist tlierefore be flown iiin a nose-high ittituide.

-.-- POINT OF SEPARA.T1ON As .Ipow l e is increased amid the aircraft is accel-
" " - .... "', - eraited, the ,. se must be lowered, because the angle

_ ___. ./ , .. .. of atta'ck tiece.•i•airv to lroilutice s lli'cient lift, to

- --'-"-'.- • ..":" iaintfiii I,,:'el flight becomes smaller. Reinerinl-,
"-11i1) . cl-'h.igm I 111 air'speed reluirs(.. a chanlge il at-

".".-23', t itnh, to nlilmiaii straighlt-and-hcvcl fligll.
B. CREATION OF TURBULENCE DUE TO Air -nsit

WING PASSING STALLING ANGLE OF

AFTACK. STALL CONDITIONS II''I I v 0,I" e 11r ' me1 . , 111- ithier ii-

Figure 6-8. Creation of turbulence and stall it imhi , nt , iiir hieli ll i'eM it ' r,:(II'i51'.. '11'oi iiniiitaii

conditionms : given uimll aillll of lift. tl nirefore, I l il ulgh oif

(-I
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iol jut-d up-,ard and the angle of attack andi the
corresponding lift again stabilize. (See Figure

-; 6-11.)

As the climb is started, the airspeed gradoally
* -diminishes. The thrust which maintained the air-

speed in straight-and-level flight is not sufficient
to maintain the same airspeed in a climb. The

`ýY change in airspeed is gradual rather than innime-
- OO Adiate because of the momentum of the aircraft.
AXIS ADOZIt is due to the fact that a component of the weight

% NS.I P OW f FVEI IIN 1.NIID011 tR acts in the same direction and parallel to the totalU 11 11Irag of the aircraft so that the total drag is in.

Figure 6.-10. Attitudeof an aircraft creased by an amount equal to the component of
-tie weight. If the power is not increased to make
-"I) for this added drag, tie airspeed becomes less.

;i ittk of an airfoil n1[1ust be hiirea.td as tile den- This reduction in airspeed, in turn, causes a redtuc-
-litv of the atir devceases. Thus. lit hgigh altitudes tion in drag until the drag is reduced to the point
anI iII regionis of very WýIllll five-air teinllperatures, where the total drag (iicludivg the component of
thi ittttittde of the niric'aft iiu.it be relatively weight acting in the same direction) is equal to
1,Se-high to ittaintji,,v level flight, the thrust. The airspeed is now stable-at a lower

point than in straight-and-level flight with the
SWeight at the Aircraft same power. To go from level flight into a climb

At normal weight, an aircraft requires a defi- at the same airspeed, you must increase the power
oitV aile ,f attack to thtaintitin ztraight-aiud-level output (thrust) of the engine.
lilght !It it given airspeed. However, to sustain a Lift is equal in magnitude to the component
lheavier load at the same airspeed, the angle of o. weight that is perp)endicular to the flight path.
-tutck nuist he greater to provide the increased In a climb, this is only part of the weight, for one
lift re(luireld. In .ddition, more powe'r must be component of the weight acts toward the rear and
itlled to overcome the increased drag resulting parallel to the total drag of the aircraft. This
froit the increased angle of attack, if the same component. is balanced by a part of the thrust.
;ilrslleed is to be maintaiined. For normal rates of climb, it does not amount to

very much, since the angle of attack changes very
little. In aircraft which climb at. large angies of

CLIMBS attack, however, it is important.
For1" all practical priiposes, the lit! in normal

,'itt.h1S is thf, sanie [s it level flight at the same DESCENTS
itrspeed. Thotgh the flight path has changed

(froin the horizontal), the angle of attack of the When you start a descent from straight-and-
Swig with rvvpect to the flight path renmains the level flight, the forces acting on the aircraft go

I..?, aI ;io does the lift. There is it mjonientary through definite changes just as they do when you
'chngle, however,. Ih guing from straight-and- start a climb. Whlen you apply forward pressutre
]I,% el tfight to a clinmb, the forces actintg onl the air- to the controls, the angle of ittack is reduced an]d,

a ';1 ft go tIiro,,ugh a idifciite sc'ueit-'e of , hunges. as a result, the lift of the airfcil is; reduced. The
It it iits with il hiini ge in lift wvin i)iihn k t)rP ';ire lift, is Iow le.'" thaln tile weight of tile hiii-ernft,

Stillap liied to tile totllrols. liaisi'i the ilise itt - aind this callses the airclraft. to follow it. descelediing
t. he tlu' i,, III ;i!'ack Iuld n toint'llarilv iII- flight jiath. As the flight path chaligi's to ia de-

ii '.1stlt01P lift. Lift k nlow%' greater than the ,cnit, the tiingle of attack of tithe i-foil Itgair.
VI 'I lit of tle itil Craft IIltd forces it UllWardl towiard iteaches the originial vilhle, anud lift aid weight.

:i li1 1iuir tltitillhe. As li resiilt, thi' flight pith is stihbill;e.L
-'. ,6-
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Thus the change in lift is momentary. Not.
so the change in airspeed. As the descent is
started, the airspeed gradually increases. This is %
due to the fact that a component of the weight is
now acting for,;ard along the flight path parallel
to the thrust, which has the overall effect of in-
creasing tht t'.,rust. That's why making a descent
-withott redxiAng power causes an increase in air-
speed. To descend at the same airspeed as you the elevators; but the position of the elevators
had in straight-and-level flight, you must obvi- alone does not tell the whole story of pitch con-
ouslv reduce the power as the descent begins. trol. The use of the elevators difers with any

The component of the weight acting forward change in power and airspeed. The slip stream
along the flight path increases as the rate of de- striking the elevators in a downward direction
scent increases and decreases as the rate of de- creates a negative angle of attack for the elevators
scent decreases. Therefore, the amount of power and causes them to exert negative lift. Changing
reduction for a descent at the same speed as cruise power and airspeed changes the amount of down-
is deterilined by the rate of descent desired. wash and the resulting amount of negative lift

exerted by the elevators.
Vertical-Speed Cha",cteristics As power and airspeed increase, slip-stream

For any given attitude, the vertical speed is velocity and downwash lift on the elevator in-
greater *t higher airspeeds than at lower air- crease. At. the same time. the lift on the wing also
speeds. A small change it attitude results in increases, and the aircraft has a tendency to as-
large changes in vertical speed at high speeds sume a nose-high attitude. If you want to main-
anld in smialler changes at lower speeds. For any tain straight-and-level flight, you must hold for-
given change in attitude under normal conditiond, ward pressures on the controls, or retrim the air-
the vertical speed is directly proportional to the craft, as you increase the power.
airspeed. This is true for both climbs and de- Any decrease in power or airspeed has an op-
scents. posite effect. The negative lift on the elevators

ELEVATOR ACTION and the lift, of the wing decrease, and the result
is a tendency of the aircraft to assume a nose-low

The raising and lowering of the nose of the attitude. As you reduce power or airspeed, there-
aircraft is made possible, of course, by the use of fore, you must hold back pressures on the controls

""•• O~~4ANG4• IN ArtMUID C.AUS$IS :

MOMENTARY U4CIIAS IN LOT,4Out TO INCRIARD ANWe! OF

4MCK P6$ SURI A"TACK

Figure 6.-I I. Climbing flight
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or retrim the aircraft in order to maia.,tain torque yaws the nose of tile aircraft to the left. _
ir ightr-,i i l-level flight. The same result. occurs if the airspeed is reduced

while the power remains constant. Torque is over-
TRIM CHARACTERISTICS come by the rudder in essentially the same way

as the natural nose-heaviness of the aircraft is
A.n implortant factor of lift and %ieight that overcome by the elevators and the horizontal sta-

lh~ls not Ieen e li.-ussed -et is their point of PC- bilizer. Tile force on the rudder depends on the
tion. ,Veight always acts through a point in the control setting and the air flow. The air flow de-
anircraft called the center of gravity. This point pends on the airspeed and the slip-stream velocity.
is Ilways on the center line of the aircraft and Here is a rule which will help you trim an aircraft
, slihtl ' N, bhind the leading edge of the wing,. Lift to correct torque effects.

Siw;a-v nts through a point called the center of Ii at prop aircraft, if you reduce p)ower (air-
pl)."Is•re whilch i4 in tihe aft portion of the wing speed constant), add left rudder trim, and con-
'liord behiih thlie center of gravity. Since these versely, if you increase power (airspeed constant),
two ioilhts (to not coincide, the forces of lift and and right rudder tvrim. If airspeed is de-
':. wviflht .xc ;I a twist ig force o,• the aircraft, andt'z', creatsed (p~ower constant), add right rudder trim,

the result is a normal nose-heaviness. This twist and, conversely, if airspeed is increased (power
is h)dal t'red by the negative lift produced by the constant), add left rudder trim. These rules do
hionzont a] stabilizer and elevator sturfaces. How-
ever. the iiiount of negative lift. ,roduced by the not apply, of course, to jet aircraft.
ulevators dependls on the airspued and power.

toY,, ran e., thell, that if you reduce power with TURNS
it constant airslpeed, you (decrease this negative There are many misconceptions about the
lift and must use nose-lip trim to keep the air- are ofny- oneton the
i'id ft ilt trim; conver'sely, increased power re- aetudyiaitufaturn. Oneofthebasic.niscoi-
(lhilres uiosc-dowvn trim. If you increase tile air- ceptions is that lift acts entirely in a direction

sl)('((t. holding con-'ant power, nose-down trim opposite to that of weight. That is not so. (See
will be necessary: oonve.rusly, decreasing airspeed Figure 6-12.) Lift acts inward toward the center
requires n(ose-up trim. of tile turn as well as upward. This is one of the

In prop aircraft, when power is applied, basic facts to remember in consideration of turns.

.1' '.\ II IN, V IL " -

OF U"q • .6~ ~ -- - - - - - - - - - - - - - --

,.!ý -AO L -Avf1 _

SFiI•v@ 6-12. Forces acting on an aircraft in a normal turn

6-IC0

1.0p

'•'•' •--A



ALL.WEATHER FLIGHT MANUAL
NAVAER 00-80T-60

DTlE OF TURN

I %_ SE 3', SEC 6'"SEC

tO 2 =, 19.8 35.75' 5.-

ANGLE OF SANK
A7 1,O MPH (TAS)

Figure 6-13. Rate of turn at 150 kts

-Forces Acting on Aircraft in Turns however, div~de the lift into two components, one
Anin aircraft, like any moving object, requires vertlcal and the other horizontal. This division

:1 <lsha~l force to make. it turn. In it enormal riedices the attotolint of lift which is Suppnorting the
turn). this force is supplied by banking the aircraft % weight of the aircraft; consequently, the aircraft
so that lift is exerted inward as well as upward. loses altitude unless you increase the total lift by
"lhe fotrce of lift in a turn is thus separated into increasing the angle of attack until the vertical
tw,)c()ip)onentsat right angle.s to each other. The comploinent of lift is equal to the weight. The
c,,ml)oient which is vertical and ol)poses the degree to which the angle of attack must be in-

ct, iuht is called the "vertical component of lift." creased (lemeids on the angle of bank. The
''lii ot hIr, which is horizontal toward the center greater the an 'rle of bank, the weaker is the vertical
of the turn, is called the "horizontal component of component of lift. A, you intwrea-Re the angle of
lift," The horizonial component of lift is the bani, therefore, yau must inerease the angle of at-

fol,,v t/oit citt.fex aircraft to turn. It is opl)osed tack in order to Produce 8ufflei.nt zvertical lift to
by the centrifugal force, which iq the equal and .,rpport the weight of the aircraft and keep it from
ol)o.i e reactioni of the aircraft to the change in loxing altitude.
(irect ion.

It, a (oorrertly cxecuted turn, the .force to turn Anqlo of Bank Versus Rate of Turn
the airr'iaft i.s rwt m.pplied by the mMrder. An air- At any given airspeed, the rate at which an
(craft is not steered like it bnat or an automobile. aircraft turns depends on the magnitude of the
it in,,der to turn hImoperly, it must be banked. If horizontal coml)Onelnt of lift. Sincc the horizontal

thl anitraft is not banked, there is no force avail- component of lift is proportional to the angle of
lthle t lintr N ill cause it to deviate from a straight bank, it increases or decreases as the angle of bank

fli-ht 11path, l)rovided it is not skidding. Con- increases or decreases. Consequently, as the angle
vw•sel.v, when an aircraft is banked, it will turn, of bank is iPcareised, the horizontal component of
rith, iiId it is not. slipping. Good directional lift increases, and the rate of turn increases. Thus,

ctoitir.] is based on the fact that the aircraft will at any given airspeed, you can control the rate of
tirit if h:uiked. Always reriPeliher this while at- turn by the angle of bank. In a correctly executed
Ittmli g to hold the aircraft straight and level by turn at a constant airspeed, the aircraft will turn
rt, f,,ite to instrtumenits. If you get an indica- tliOl'e Vapidly as the angle of bank is increased.
tiit of it hr:itik fronm tie flight instruments, correct ( Figuire 6-14.)
t1•1 itliiinetliatelY by IL roll-out of ihe hank in order
Iot nIlilitlli i the desir'ed heading alnld flight I)tlth. The Increase of Drag in a Turn

As explaihiied before, holditig altitude in a
Changes in Lift in a Turn te u rnll requires an incri''se iii the angle (if at-

Hiilikilig tin1 1irititafl in order tr, turni pro- tiuk ili order to increase the lift. Since fhe drag
flllirp', 11otri llge ill the iltiotiit of lift. It do••s, of the airfoil d• directly 1 tirolmitioatttl to the Jingle

6-Y7
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AIISP•IC 100 MPH (IAS 150 MPH IfAS) NO MPH ITA5) 300 54 MPH ITA5' 400iP A5H #

t 3 • 19$7V 43 6'

ANGLE OF $ANK
P 0 'SEC "'AN

6 85 013 V 191

ANGLE OF MANW
POl t'aS~e T!.Sq•d

Figure 6-14. Angles of bank for constant rote of turn at various airspeeds

of attack, the drag increases as the lift increases, of bank. To maintain a given rate of turn, there-
This results in a loss of airspeed which is propor- fore, the angle of bank must be varied with the
tioeal to the angle of bank. A small angle of bank airspeed.
results in a small reduction in airspeed and a large This is particularly important in jet aircraft
angle of bank results in a large reduction in air- when you rely on the indications of the turn
speed. Additional povwer must therefore be added needle. At 4011 miles per hour, for example, an
to prevent a reduction in airspeed in level turns, aircraft must be banked approximately 440 to
The amount of additional power required is pro- execute a standard rate tuTi, (3° per second) oit
portional to the angle of bank. the turn indicator. At this angle of bank, only

about 797, of the lift of [he aircraft comprises
Executing Turns at a Constant Rate the vertical component of the lift; the result is

If the airspeed is increased in a turn, the angle a loss of altitude unless the angle of attack is in-
of attack must be decreased or the angle of bank creased sufficiently to compensate for the loss of
increaed to maintain a constant altitude. How- vertical lift.
ever, holding the angle of bank constant and de-
creasing the angle of attack would decrease the The Load Factor and the Anglo of Bank
rate of turn. Therefore, to maintain a constant The load factor is the ratio between the load
rate of turn at an increased airspeed, hold the acting on the aircraft in level flight and other
angle of attack constant and increase the angie of possible loads that miea be exerted on the airuraft.
bank. (Figure G'-14.) It depends on the weight of the aircraft and the

Another way of looking at the situation is to maneuver to be executed. For a coordinated turn,
consibder it from the point of view of centrifugal the load factor is equal to the total lift of the air-
force. In a correctly executed turn, the horizontal foil divided by the weight of the aircraft. Since
comiponent of lift siust be exactly equal and oppo- the weight of the aircraft musit be supported by
site to the centrifugal force. However, as the air- the vertical comlpoanent of lift, an increase in the
sl)eed is increased in a constant-rate level turn, the anglle of bank reuhlts in ass increase in the load
radius of the turn increases. So (toes the cenitrif- factor. In livel flight, the load factor is 1, and i'1
ugai force, for centrifugal force is directly pro- 6O bank, thlie lond fistt'or is 'I. Tis i leani s that

portional to tile radius of turn. This increase in the wings must support a load equal to tw i.e the
the centzifugal force must be balhaced by ial in- weight of the aircraft; to do this, the angle of
creasie in tlhe horizontal component of lift, whsich attack must be increased. If the load factor be-
can be stroniplished only by inc'reasing the angle comes so great that the angle of attack cannot

6-12
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produce siuficient lift to support the load, the anir- Slips and Skids
Craft .stl.',. 'Il'h .s is called it "high'l-peed stall." All aircraft points directly allong its I'lildit

lit inlstrum111enlt flight, especially, It. is lilwise, Ith, except, when it is clipping oi- skidding. The
i, q) mke t-eep, twrn. :utM% ].w aiSleud.. The Ill- airicralft may boe yawved toward either side -,f the

vrewav-1.i1 stalling speed is alwalys important bu fit flight path by use of the rudder or by tiln incol'recti,; particuilarly signliiicallt ill spevilil situlationls, d u•m u fte r dd rti a . T e s
t_1 adljltsttment of the ru-l(1el. trimi t:b. The ";[Ile

hien ice forns ol tilt atircraft, fo insance, it s va wing effect can be caused b the ailerons. If One
stalling speed is Increased. ýiiwe the stalling aileron is deflected slightly downward and the
speed of the aircraft increases as the load factor other is aligned properly, the maladjusted aileron
increases, any further increased load factor because causes more drag on that side of the aircraft. In
of a turn may result in a stall. Additional ,. ilt :i correctly tri mmned aircraft, direct, mal st abilitv
extieinel" t urbuienlt air the load factor on thtt' of the aircraft plays til import ant part ill ret iil'i-

wings miiay h- ) increased b% vertical gusts, and this ing the aircraft to its proper position in stroiiteht-
x•- llcrt,;V~e mayI• be stifficielit to iiake till air-craft stall land-level fligh|t after it sill) or skid. T his d11irec-

'1 dirin ig a steel) turn, whereas it, would not have tional stability is normally brought about by the
stalled in a mroderately banked turn. retoring iinetit created when tie relate I id

strikes the side of the rudder projected into the
Aileron Drag wind during a slip or skid.

'iThe rudder plays all itlortalit part in cor- To maintain straight flight in prop aircraft
rectlv executed t l'lts. Aks the aireraft is rolled without slipping or skidding, the adjustment,; of
into a batk, the ailerons ire detlected. Thi,; hasý the r'iiddel" trim tab innst be varied for ditleieti
tle effect of iinrceasitýi the lift on the outside wving power settings, because the changing torque va:tres
aml (ldecr'etsi ng the lift i thle inside wing. T'he tile rii streaim over the vertical tail surfaces and
kir'- oiim the mut-,ide wing i,(ns intcresed, atod this vnries the directionial control. In many inst:anees,
increased drag, ktiown as "aileron drag." pro- the pilot inadvertently holds rudder plressures or
dlces ya Ni'lig veiect tow ird The nnts do. of tile sets the rudder trimi tabs lilm)roperlv and causes
tnll'ti if ailehl'l is Ilsed excltisivtly to llmake tile the aircraft to fly in a skid or slip. This, ill turn,
tutrI1. Aileroi dragt is cuiiliteracted atid iii- gives rise to many problems in directional coititol
tuized by itrider pIe.siure in a correitly executed that would not be present if the aircraft were
turn. I however, once. the btank is estiblbilsied in a properly trimmed or if rn Ider pressures ,were not
turn and the aileron pressures are adjutsted so as held.
to Imtintain tie desiied bank, the rudder plays ito InI a straight slip, the aircrtaf is banked. This
part ill the turililigK of the airctraft ailld serve's its bank normially results in a turn, because the force
a stabilizinig element ollvy. exerted on the aircraft in the direction of the bank

FACTOR

ANOkW. i i 00 • '6
Of SANK 20' 40- 60"

L -S. Figure 6-15. Rolation of load factor to angle of bank
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. .LW. VVI ,KAL LM L - VIRTICA LIFT LWI VIIFICA" LUP

CIENTI~RwFUG& 4AL CENTRFUAL 2ENINIi<A
_ "MZNA ___ tMON L "IONA

\ %

WEIGHT 'k LOAD WEIGHT 'k LOAD WEIGHT L OAD

I N~ormnul turn 2 Slipping turn 3 Skciddmg rurn
Centrtugcl force equals Centrifugal force less than Cent'fugol force greater than

horizontal lif horizontal lift horizontlolibft

, 0jFigure 6--16. Relationship of forces in normal and slipping turns

pulls the aircraft out of its straight flight path, Skidding Turns
and tile aircraft, responding to this force, changes Ili a sikidding turn, the rate of turn is too
itstire(t ion of nmot ion a nd begins to turn. If these great for tlie aniount of biink. (onlsequently, tile
forces continue to act in this nmanner, the aircraft. centrifugal force is greater than the horizontal

n(lolles to t Ill. a slip, however, the aircraft 'Otlrponetrt of ire lift. This results in a net force
i, prevented from turning away from the original toward the outside of the turn arid carries the air-

heading by the rudder action'; thus, the bank of

the aircraft rnerelv results in its being pulled side- crft outwaid frou tie desired ftight path rnd
ward. This is indicated on the flight instruments awry fronr tire direction of turn. The fact that

hfact that the ball in the turn-and-bankidi- tthe aircraft is skidding is indicated by the dis-,at I dispLe in tih e direction of thre bank. phaer t of tire ball in thne tirr ind hank indi-cator to the outside of tlie turn. A skidding turn
Slipping Turns caan be corrected either ly reducing the rate of
kA slip in a turn is similar to a slill ii straight turn and holding the saiie angle of bank or bl
light-tthe oh'craft is not allowed to tarn ir t a rate ii creISI rrg tile anjgle of bank and holding tihe riAe

p~roper for tiltangle of bank. In a slipping turn, of t irni constant.
the rite of tuirn is not great enough for angle of
bank, because t ae aircraft is not allowed to head Coordinated Use of Rudder and Ailerors in Turns

directly along its turning flight path but is yawed Most iiir(rr ft (untii be banked by rise of either
to the outside of tile path followedl in the turn. rilerons or rirdhler alonie. l owever. if tire rir-
'irv -.a% inav lyie the resuilt of top rutdder pressure, rllift is . arlrined IIy the rhlrvrmns ulrlly, it tends to

or'. ill Sollie :1il'i rft, <di'rrg of tile top aileroni on slip., hievillis tile ii•rtsile 1 vihr ll valtlra es Illrorke u '1rig
enterinriz the turn. As iII stlraight slips, n slip in a tirrr thine ii~idu alihir-. TIe rirr);irt of slil)pping
turn is iriIrated I' the dislplacement of the ball rlpItiiiiul on tire xi-ihl4i'e witr whiX h the curtrils
t) the inisihd, of tire turn, 01' il the direction oIf thre runr iIsul', since !iv r iol'e Othu le'oirs are Illml-,'d

ht:iik. 'li in rrdiiation resnlts froni tire fact that oit uof a rieiltrt:l liiiitiorn tle gie:ltu," is t1e- ?awing
thre ilir('aft is banrrrkedl tori mtuc'h for the rate' of t1i'e-t of tile ailerie, d I'r , if tilr r,1ileiulls Ire iTrsedl

tllrli, so that the ]iorizontal coniponent of lift is nrore slovly, tile sli ippirg is negligible.
geirt'etn1l tharll fire (icet'i firgi force. You 'lilt sei' All niiruraft hatukid by tirh'e of tihe rurdder
tilt- !rl:rtioishilp of these for-es ill Figure 6-16. oily is vrwiid kmlrin tirle i!sidre of tre tilll'lr, wvinch
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ilinceases tile lift of the outside winig to it .vatxle B~esides• lpr-niding the ineims foil exertilng t*on- :

-- zreater than the lift of the inside wing. At best, trol of the Ilircraft, the design of the vI'rious sut-

lte effect of tlie iuidder is .lhw if the rudder is faces is important iin illmrting stiability to the
used with :it% force' c, iiderahid.skihling econ- ailrcraft. The aircraft Ilcust not only be Capable
ipanies the increase in the aingle of bank. It is dif- (if hohling a nlownal Ii fyillg position when little or
-ficuh to hnk ml ar'craft flyving Iat high Speeds h v o trol force is exerted, but it must also have

ithe use of tile rudder allone, because the yawin- t le inherent ahility to exlibit what night be culled
el'esof the rutddler ido not imatei ildl iree "return chtracteristivs." Should a sudden gust

the lift of the outsidt, wing. In jet aircraft, thei~ilits o ti' tiiiis o .ie~t dnt he ncraseil~ lift the no.se, it is desirable that the tail surfaces1.:(Il,- ,,f 111c, l~rI1 is ., _r•v.kt tha~t tile increase ill

the Sped 'If th1e outSid.e wine Over tlh;lt of the .,ct to di:iipvli this effect miil i-et01r-i to ;I level ,O-
i u .-id e w i • i s e x t re iiie l y sm a ll an dl h a s lit tl e e tl 'e(t �itio i. Tlh is is a lso tr u e ill th e e a s e o f a n a ir c la f t

pan the relat ivye lift of buthi wingzs. heing rotated about its roll a xis when one wing

An ,iraft is .nrme.tly hajnkel only by the co- is lifted hy a gust of wNind. Ill such caises, the.

ortdiuimled liiM of both the rudder ;111(i the aileromis, wiII, that &lp, it('e5 imi'ricisei lift : the op-

The relittive use of these two controls depend• on l)osite occurs to the raised wing. As it result, tho
ti icarcterst of the pricular aircraft mid1( roll is chiecked very rapidly, Iin some cases, tluo

the airs el' l at whicli the lwil tieu'ver- is executed. iicraft is left with it list, whichi ('tll result in it

The indicattions of the turn needle and the slideslilp. To eounteract thiis, many iauicriaft are
l: rlizoni iiidi'atoi lovid, u :icctniate garuge desigieud with at lateral dihedral as shown ill Figure

"for deteriiinin,, the correct u.se of these controls. (;-Is. 'Die dihedral, together with the slideslip

After t(le a;i rera ft loms 1een baiked for a t urn, the velocity, effectively proLIIces at greater angle of

tingle of bank dihould lie held con'sttuat without attack on thie wing t hat is (il)l)ilg, an(1 a rolling
sk iddihii i or slil pig. Thi is iequ ires s.onie adj uust - n~iuotioll is roducec thitit retnlll's the kilt ilrlrft to its
zument of both wilerows and rudder pIess.ne, depelid- miin1ah p)O:ition. leturn chiiureteristi('s such mis

Ing on tilie (i raicteristics of the iiirc.ra ft and its these should be present in yawing and pitching

speed. -No geuieralui rules can be set firl deterni- itus well as in uollh imig.

1gin, ll d~lli'e dwie exlact anlliolllt of mildder and i The 4&gree to whih tli his stability should be

niheroi l wei,, lire to he ii ill turninill ny speci-

lied aiI'ira ft : tle -l'.essul' lusm t be leaiiied fIr'oi
ict tal expeien'iice'.

CONTROL AND STABILITY •' ,,H YAWROt AMIIN ABO1UTI

lily AS \O0 ylll have 'el, •lii iiiciii'ft ('|II illive uboiit VERTICAL AXIS

11111 of its th'ie axe.s. As slhowni ill Figure 6-17, A'
it il c'he illO10 IXIs AA'. . rolls atbollt iixis lBlV',
u11d 11ihl)lt i'S ( ( "'. lii i tr()]l s ,,e (':I -

1],ie of iid'licing iuiotiuui ailao t •ii•v if these ixes. • /

-I t• (w left elltm i till 1(1101 oi t1l ROL'ION AIOM

kil, hl-i-c seri~ii-ir :stlp thr irf.m th.,
:ýwLtlit- :. IIi I it I Iist. w,, i , '-,c ,l .id . :,ihvrol.• II(N.,.I .. ,. RO gL

t tROTATION ABOUT

Iil "p i . , 't! ,,liIA i. N:Ii NIlI w l il1, (L11 LONGITUDINAL

It \vir. ;1 i cmg:,i • Ow.. te l'ir':aft to roll. "lie AXIS

! 1-llid till IIt COW I(1I l Ie lmhu(1tI h', is i LIMA tcc V i)" tie A
Iliru-I. Figure 6-17. Control axes of an aircraft
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prese t depends on the u-e for which the aireraft over the surfaces of the aircraft is partly subsonic
is intendled. An aircraft designed fori a high de- and partly supersonic. The limits of this region,
gree of Stailitilit may have "mheavy'" or sluggish con- too, depend on the design of the aircraft, but
trols. Iniamsseiger craft this may be of a.dvan- generally the transonic range is considered to be
tage; it fighter craft, on thle other hand, a low between 5A 0.75 and M 1.2.
degree of stability is desirable. This results in ,u~perwonic flight is flight in which all the air
an extremely sensitive aircraft, and consequently flow over the surfaces of the aircraft is supersonic.
the pilot has little difficulty in imposing his will This starts at the upper limit of the transonic
Oil the aircraft and obtaining rapid reactions, region and extends to infinity.

Of course. alI aircraft. particularly a prop
aircr-uaft. uloes not react nniiiediately to changes ill
performance characteristics as a result of attitude
changes. Instead, the change is a gradual one, -

mn(1 there is a trans5it ion period between the two
perfoirmaices, Ilertia is responsible for this de-
lay in aircraft response to attitude changes initi-
atell by the pilot.

Simi~lply stated, inertia means that a body at
rest temds to stay at rest and ai( t bdy in illotionl

tends to st y, in mot irm. Fore.- is requ ired to put.
a body in Inotion aIIId force is required to slow
it dowa, to stop it, to increase its motion, or to
"•'}:L:lrge ::1' :lon of nIovcuient.

Inertia is ever-present : it is present. in everly e
Ittit ode-power coiubinllltioll, and nian ifests itself
in tihe ieistanh-e w-hich in aircraft offers to any Figure 6-18. Lateral dihedral

force that wo stop it, or change its present con-
dition. Thert-fore, it takes the atircraft a little
time to overcome the influence of inertia and to
establishi its new performuance. This factor of TRANSONIC FLIGHT
inertia, as wvell i as the other factors ii control aitid
stalbility. are of major i111 )(1rta (e in trail.loilic and The effects of transonic flight are varied, for
slpersonic flight. they depend mainly o01 the tylpe of aircraft in-

volved. With aircraft specifically designed for
SPEED OF FLIGHT flight in the transonic region, the effects are usu-

ally not too objectionable. With aircraft not so
The various sipeedp of flight are generally designed, however, a venture into the transonic

classifie(I accorl(ing to their relationship to tile range is definitely (liilgerotis. The nose ity "tuck

slpeol of g'ml. 'l"o presenit !his relitiionshiip itc- mider," for example, a-l the pilot will exhaust his
curatel.y it is gener-lly griven as Ii Mach umlber. strength trying to pull tile nose buck up. Somle
TIle .iMachi ittiilil'e ()f it IlIovilig iouy is eqillal to pilots have been tble to pull out successfully in
tile speedl of the imlIOnI g •ldy divideId by the speed Such al a)re(iealle'flt-lilany hlave not. in some

of sou1(n iat lhe place where the inoovpeleilt occurs'. aiircraft. tile will1g and c(,itrol surfaces way begin
So. .. ,;•,flight is hlight inI whicl, the uir flow t,•'i'ibl'ti' or --buzz'" Ipllo clitetilug tile tii|iso)lic

over t li surifaces of the iii'-rlaft (loes niot relach ]ll'gC-. Soiumetnimes, whlen uisig left rull(der and a1
tlle s..qewl of so-1ml. hIe subsonic region starts lt small iaiiimoillt of left aileroil, Ipilots have been

.M Nt 4) wl generally exteudls to M (7.7; the ullper listoluid(le(d to lilill thelir aircraft turniiig to star-

lilui!t varies with tie desigi of the Iircraft. board. Other eqlililly weird effects Ilia be experi-
'rq,.l,,;',i flight is flight IIl which t .ill' flow V!1e"1, (Ipelie'iing on fli'. oh~igl -f the alil-ritft
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concerned. One thing is generally true-when to thesihape of tie object before it arrives oil the
the limiting Mach nminber is exceeded, the ma- scene,
jority of the effects encounitered are detrimiental to As the speed of the object approaches the
pilots and aircraft alike. speed of s ,o,;:,! •see b and c in Fig. 6-20), the ob-

'FiT basic reason for these effects is the corn- ject comes closer lnd closer to the air particles
pressibility of air. W\hen air is compressed, its before they are, warned by the advancing prosure
imtiure is change(d so far as aerodynamic consider- wi'ave and can start to change direction. This
aitions are concerned. Of course, there is sonre means thar the greater the speed of the object,

degree of compression, even at low speeds, and the fewer the nmiber of air paticles that will be
-:-le slight r'l:lgttl itt thraI- :b h to Illove (it of its path. As at re I hlt, tile air

teristics of the airt' ai a result of this slight be-gins to pile u!) 11 front of tile olject and the
Colt'pression. air density itnreases.

At !ow speeds, how-ever, these changes are Whelr tile speed of the object has reaiched the
ctilafl ;111(ad cra1 he neglected. Th11s. for air flow spreed of soumnd (set( d ili Fig. 6-20), the pressure
below Macir 0.3, tile lilt c(.111 be conrsidered aIs if it wave"s can rno loirger watrr thie a in 1artile,'k aIreald
wer'e ircopressible. As the speed increases, of the object becaute the object keeps right ill)
though, these changes in the nature of the air also With the wave. Thereform thire air particles in
iirwrenz:e and can no longer be ignored, especially the paith of tile arplroalchiirg object a're not alware
rlbovw Maith 0.75. It the transonic range, corn- of its preserrce unrtil they collide wit.i the particles

r ilbiliti is caplible of iroducing rataist rophii" dht Iare i)iled uI ill front of it. s at reslhlt of
effects. At those speeds, therefore, the air must these collisiols, tire ait stlir n'e'tly ill front
be considered asa compressible fluid, and the wing of the object slows down very r'apidly, while its
a is said to be in compressible flow. ,lI, itid I e.tare alrcre correspondingly.

e .As the sleed of the object is increarsed beyondV The Nature of Compressibility trhe speed of sound, the Inressure and density of
Wihen tin object moves through the air, it

continuously creates small pressure disturbances
Inl the aitir streami as it collides with the various air'

ahrticl'i in it,; patth. Each such disturbance-
actually a snial change in the pressure of tihe air-
ia tr'lansiritt ed4 outwavrd in the form of a weak

ct'ertCi. aiv ~' tir t her it----- - PRESSURE IMPULSEpre •ssure wvi \'-e f1ront tile point wh-lere it w ats 1/- • FROM WING AT

created. (See Figure 6-19.) 1'his exl)anding -ARTING POINT I

Ni ie \warve tlravels lit it conastarntt rate-tthe '/' ,
5lrwed of .sound. "l'ir is,, logiail since sound waves .1'-/ \,
thella -'l]\'es. arte nota ing hilt ve'v small l)ressure ,/ ""
warye-.- L~arge pressure wav%'es, like those created

by aln explosion, oftea tratvel faster than tire speed MOTION Of WING ----. ' x,

(Of sounl~d.
.\ it higih eh1 I)r~eý-.-tle wave expands equallyt '

iI1 Ill (I tr tiwts, thre iip(0talt dire'tioli is thratt .

Il which the object Is traveling. "lis Is tw._tll.e PRESSURE IMPULSES . ,- /PRESSURE IMPULSE

tile p)I'i'','l'It' %\a\v ' t1 t e j('i elv .Sen\'t's I rS Iat t a(kvR',rtlce FROM WING MOVING .- FROM WING

\;I I'll lg, IO it' air art1'a h's- in ll the I)Iall if thei AT SUBSONIC SPEED -AT POSITION 2

PRESSURE IMPULSE
ohjar' j1hat tilt ohiw't is oi its wFy. fROM WING

aI t 11- rhe ui aj e t is t t ' l tag at lo w s it h - A T PO SITIO N 3

I' l~it' .ta- ' tir, ip sIr'l wvive traivels Iipstrelailla

\'li al1.i: o)f i ' h olj'.' I- llt 1 0 l'vlttlle it, a'k1 ('11au..e-S Figure 6-19. Pressure Impulses from c. wing mov.
-i,: ' :111 rt iIt'- ti, 'ld;i; " rut•,t'iotall ':t11 urliforlt ing at subsonic speed
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AN FLOW FOIMATION OF KEY

1. NIIAL POSITION OF A MOVING OBJCT.
-- A - POSTION Of OBJECT A .400T T•ME LATER

-o 0-. STION Of PESSWUE WAVE CREATED BY
THE1 T"M MOVING OBJECT IS AT-A
ARiA IN PATH Of MOVING OBJECT, JUST

-Z -) AHEAD Of PKSSURE• WAVE.

RADIUS OF PRESSURE WAVE CIRCLE
(SPEED Of SOUND) X (T" FOR OBJECT
-TO GET FROM CENTER OF CIRCLE TO
POINT -A-).

() M MACH NUMBER OF MOVING OBJECT

N ' '. ILOW Of AS STREAM

(hi •r "'

Figure 6-20. Relationship
between a moving ob- .
ject and its pressure -

w ave --- --- - A.41,

the air just aliead of it tire increased correspond- m ~- 1.
ii-lv. ilu(d thle' comipres.,ed region of ibr eXteln(-_

some d is+tance out ahead of the objet. The dis- B

ttnce it extendse delpiids oil the speel and size of - "
the object and the temperature of the, air. Thus,
it one instant, the air particles tire completely un- 94OCK WAVE

d i..1turbed, and ait the liext itali. t, they aire com-
pelled to UidergO dirastic changes in temperature,
velocitv• pressure, and density. Because of the
suddleni nuature of the.se chige. tile boundary line
b>etweten tile undisturbted iir andI the coniiv&-re d• speed ,of the itir stireamni- not tile spieed of tiie alir-
region is called it sh(.,k wave,. cr'aft. he lespeedl (if the.Iir flowingr over the wilgs

In Shillimary, then, the greiter ltie speed of ai of ain aircraft is greater tilan tile speed of the air-
biluint body loot iiig thi-rough the aji-, the greater cra1 ft itself. IIt faIt, the speed of the tir over t.l
the air density and aiir pre.stisre directly in front. wing may he mnol'e than thvie the .lw of tOe air-
of it, 11id the ltss snimoth the flow of atir around craft. For this reason, the a:ir flohing ove'r th,
it. In an air stlreamn flowig ait a speed less than wvings wiiiy r ell tilhe 9et o, smUihld. indl shock

Mach it.3, tile dvn'iil . chwi;inii of the air due to its Walvt%.e; liiV lw formed, eVeli thlouiigh tle 1 irtraft
coni,.1pressibilit ca'll •e ignored. Above this speed, is flying at. ;i speid of only Macl(1 0.75. T7ha'
tle dvensit• chaniges re large eniiiugh to affect the w.y thel /imif;eti', .M/auch ,i,n1her of tod•',t.• truit-
p ,rfo i rlrial '4 of htI l ti-'fi'i ft. it ve rit!, this e'r- .ýOfif- p/ 1 -/it ll 1 tlam •wl,.. /11 t(1/ .Ytfi t . ith, f•.<,•,-
fe 't is, an iaid to lift. mu ll the aiiir stream ,t. anl y .st•-ol eu'i.' bc ho/,int' f]t, .w,,' ,of .x(i'oIllPd.h/t 'll , I I/.
pl it oi t lit win's suirface excee(ds the sted of

)l11n(. Whieni thisi hitplxiis, shock waves tire cre- Shock Waves
a (ttIan -uiil"'t ni m)rvssibili tv ,ffe'te "be gi in to ilpl nwar. hlier' are .I vtiii I diif'f e r ilt tylpe4. of sho .k

leient.'iiiln er, nit"v, t his dih'iý4' ii-5l i in\ivolves the -ii . Ouc,' Wi Ii i ,\ e rtt1 .iiliT' hil~ i ,'te .li~tit'.
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All shock waves, though, have these character- ther out froin the point at which the shock wave is
isties-- normal to the flow, the effects of the shock wave

.".. 1. The density and preure of air flowing decvreite intil air is able to pass the. object with-
*" "throul_,h a shock wave increase sudden~ly. (That's out being affected. Thus, the effects of the shock

"~i•wliv shock waves are oftencalled comres~ion N o eventusally" dlisappear, and the line cannot
waves.) properly be called R shoc~k wave at all. At this

'2. 'Fie velocity of thle air mneamiured perpen- point it is called a Nfach line.
•,,dkluutilvr to the sho-ek- wave decrealses Suddenly Nornial shiock waves occur whenever air slows

,,,fr)l supersonic se ofd to silbsonic n speed. down from supersonic to subsonic speeds without
,:. :LTh -:1011rtmv of the a'r fhoNwing throligh it ,-hence ill direction. (Consequently, a norm11al

"the shock watve inclreases snddelYv. ,huck wikvve caI hle created without an inte:feriiig
()ne type (f shock wave is the normnal shock hoddv ili the air stream. A good example of this

wave. It gets it- name from the fact that it lies occurs in airflow through a constricted tube, as
""wpt)clrt)• t'• ih 1:1 r f o imn1ir ) to thIle dtireotioi of air shown lit Fig. 6r-'2"2 Subsollic air elitc' tile tile,
flto)w. This type of 'oilpt-e.-sioa• wvave I' ill%% aways and ijicrvles in speed as the area of the tilbe de-
a strn)ug shock wave, sin(e the changes that occur creases ,intl the air stream reaches the speed of
across the. wave are great. .-,Ouni. W• ien the area of the tube increases again,

A norttil shock wave can iA fornipid by pi t tl le air streat increases in speed for a short dis-
a blhunt o0ljuct ill a sUIlIN1Oti I -41'e4lill, It, shIOWI ill t;ance', anad then suddenly drops to subsonic speed
'IL, Fi 6 ?. .•-' Note in ti . ill ust Iat iol that at A, the
oair is traveling at supersonic speed. conipletelvy

'•unaware of the approalcting object. At B, the Siilaly, normal sitock waves can occur over

r.air has "piled uip' :n. d is travelig at s'tsonic the wing surfaces of a subsonic aircraft that ex-

Sspeed, simply tryvitig to slipr around the front. f 'eeds its Iiiitiug Muth nunber, as showof i Fig.thlie (,bj t tn.i ikege wit ItIe ht stram. ' it. t;-2:. The high-speed (but still subsonic) air -

"reaches B. the suipersonic air front A sh,ws uI) til- st reit i flows ilt) over the leading edge of the wing,

iiedtately, inciretilt Ig ilessilre, density, and increasing il velocity as it does so and pas'sng the
temperature. The center part of the shock wave, speed of sound. This corresponds to the flow in

-yii g perpendicular a'nornial ) to the direct ion the Conist ricted tulbe juist beyonld its narrowest- sec-
of the air stream, is the strong norlial shock wave. holt. 'hle air flowing over the wing ittcreases in

* .Noti-e that above itnl below this portion of the speed for a short distance and then passes through
wave, the a " stream strikes the shock wave ilk atl

.obliqtte directiot, giving rise to an oblique shock
Wakve.

' ike the tnorulira shixck w.\ve., lhe oblique shock
watve in this region is it strumn shock waLve, since
the ier piitsing throuchi it is reduced to sutbson - -I ....
speed. The primary difference is that the air _.....

u'.'.'•'""ivi" pit.ltl ,s.i~g tbrotigh the oblique shock wave

.ichiig•. its direction, anl the alil streaio pas iavIng NORMAL SHOCK WAVE -

.through the tormlal shloxk witvo doec not. STRONG OBLIQUE

T'hei broken hik ite in Fig, f-21 outline tile area SHOCK WAVE --

of s oiiicstit tflow create bebinI tthie stronlg shock WEAK OBLIQUE --
%,vVZ. Pit 1kt le- sit tlie NvuIe at C SHOCK WAVE - -----

.t.ti .rouli, '*MACH LINE

mitsidte this nr,,a, (h ton t slow ili) to sulinliC, ( s•iel.
'Filey (ldecrease sOlliewihl ill sit eet al, al l ellIerge at
t bt till super-onti, veh•-ity. AtC t(1  Figure 6-21. Normal shock wave created by a
hitock wN .i i. ,i ir:tk oibliqre ,hiwk w,,v'.. Fri blunt object
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... inS .-. eet to sti)NtiiC flow. Finally, when the wing
i- Its(i f ieal'h. sut ers<lii' speed, the s1lock wave. on

both the top lilt( bottomf of the wving hav-e moved
""Il the way ck to thetrailingedge. At thesim o
I 0i e, i new sIlo'd k wave forms in front of the leld-
il- edge hec.lw se of the air pil•ig up) at that point.

lHTh Iie shock wave furmed on the leading edge
f file %vingi is separated from the wing byv a small

oitea ,f tubsionic air, like tile shock w-aves ereated
iii front of blunt objects (described before. A

Figure 6-22. Airflow through a constricted tube sih,(l wave tluit is 'elirite(i frot :i object in this
aiituier is called I "detached shock wave."

When it is first formed, a detached shock wave
lies it it plane perpendicular to the airflow. As

S.:0 "or1nMl) shock NvNte, d tcreva'ing from .uliersiotic thie speed of die ii' st.vream is inci''ased tihe shock
-to, ,uh.i-sol~' ..-i~etid i tic lii4K'c>•. N)t ice that the •\•ievv betids towmi' the object. fonrmitit what is
sl.,lck wave ws forme'd t iln domring the install- known as a "Macih (one." Tue sharplness of the

tiitlivos ll(':'eta• il s,'ed fil't mUper.,onic to .• 1 - M'hci cone created by an object is nil indicattion

sonic. flow. :11d not driiniig tlh grluhal ilicrease ill of hboth thie speede of the air stream and the shape
sjoitiover the leatdilg i ., of the oljc'ct, lilcreaasilg either the speed of tlhe

Whei ai ir.rt flit's fast enoulgh, the air :aIl' stre'lwn or tie hntmlplies iof the lending edgo
tiowitg ,,vti thc ]dlilg ud.c (of the wing cay ill- ci ettes a sharIler Machll cne.
(lWt.. ITI .iil)el-ipsli' sp)(eed simoiothly. but wvhen thIii ].venitinlly, tnli(lei the pliOper comnditions of
In11 titit'l''e, i . . t fhx u e th. '.-,t f -iI, jir ',wil ,",h1 obhect slhae, the shock Wave forms

tli wing a shock wave is formed. That's wih v the ot the obje(ct itself it is then said to be an "at -C
.shock wa', foinis neaer thi iniddle of tie wing tidied shock wave."
whci -n mlcrf't i s il trauiýsoic flight, moving just 'thelse conditions tre illustrated in Figure

t i- 25. lhI a, yNou se the formaiition of t dletitolheti
tfl1 of t o 1e it l shotk wave, Wheni the speed of tile object is ill-

N im oti.sidehr wlat happelns its the S•feed of (itiie(l, the Mach col beco'mtes .li'irper and the
I lie phlle illn(i('isit, still fuirt iher. l,,loilmg it fig- attached iihock w-ave iz- formed, as shown in b.
1rcv 6 -;2.. voyu (';tn ca t' tli;t a., the speed of the ai Th-, Sitii sit atiou citi itt achieved by iaicerisi ti

,veln a I typiciil wing in 'rie'svs. the. niren of s.ll'er- the samrpness of thle object, us iii c.
smii cft) \w mIt'lea,1s, lit(i] tlic shock wave mnoveis
h:tlr toa:trd thet tiihl~ig edge. ]i additlionl, u-

,., low heveljh, ,]ttilwt'liewg, ttn tttlici COMPRESSIBILITY EFFECTS DUE
1,l<ck \wi ,, is fmritIli th i,, i., thlie airlow iedit.'c., TO NORMAL SHOCK WAVES

AN'hiiitiowa s<n~ hock w~ave., first appleatr onl tilt
o\il :+ .f ;kIt al -l''lraft, I~ tile lilt- pa '• lli through the

,-Ih t'l l l't , in me slit, lirecio tiomm foor :t i,' di:--
t1m1 rt. .\st Ili siclil of h• I ti-mic ft il'lh :lm ts. i, lr-

lrl~t lillg vdgv~. andl svl?:t]ni ,,• <,I of t ;lilt- ; 'll 't';tll p '--

VII 1w iii (u> i~ i 'l~ t.v l, l~i, t -;• h.,.wk \\:o e. 11'I+,:i

,it;'Ic* l Il \ ' il- \\Il,, smtf'ic 1ond. :s m : ri.:4uii. it
11 1hn i csh' ill ;1 -: I 1'hIlH H I, 11:1.l ol~ li! lit<H i(HI.

Figure 6-23. Airflow over -i wing W\'l Ii- I Isll.- m hI I i , ir .1 I 'l:t- t4) gro'•. in 1i:11twis
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' - itself knowni I)v certain very aiiu1oying conipressi-
SUPERSONIC REGION bilitv eftects. Since these compressibility effects

occur .iI flights at high subsonic Mach numbers,
_____ aircraft afflicted with them are often referred to

M 0.75 by pilots ;Is hau ing the "Macts.'" IHere are a few
"Machs" that you can take as a warning that the
worst is vet to come unless you take prompt action

""SUPESONIC REGION to get back below the limiting Mach number of

your aircraft.
Lateral trim. rhanqex, These are due. to tl,'-

fact thbut any tendency to roll that has been cor-

M- 0.90 SUPERSONIC REGION rected by trim tab adjustnient muay reappear as the
trim tab loses its effectivenessi at high speeds.
Smanill differences in wing const liet iou, for ex-

:' "'' - alljiple, that wolluld be illinoticed litt ow speedis may
S'/:su(hdenly anniounce themselves at high speeds by

.r/loducing rolling motion.
""?apid vibrations of the ailerons may produce

what is known as "buzz."
.Notireahle it'isting of the Wing8.

""Los of longitudinal 8tability-"tuckl up" or
"tuck under".

Sometimes these effects occur in one part of
the aircraft and sometimes in another. Different
types of aircraft naturally exhibit slightly differ-
,ent effects.. In any event, whenever you notice

M Il- 0.9s "these compressibility effects, the one sure way to
- '.9-, "'cure the situation is to reduce your speed by throt-

- SUBSONIC REGION tling down, climbing carefully, and using the
A 5•speed brakes. At this point it might be well to

emplliasize the need for being familiar with the
characteristics of your dive brakes at different

"spce(es. Somlie may cause buffeting or "tuck under"
M ..1.0/ lit high speeds.

At any rate, if you don't succeed in reducing
"iyour speed you will probably be sorry because
worse effects are yet to come. The separation of
the air flow over the wings will produce severe

.V.N REGIONrbulence, anld this will create more trouble."'•-:':€ Bull'etinug is a1 complressibility effect. that is

ail iost surt to show up. The turbulent air, strik-
- -110ing the liorizon itl surfaices of the tail in 11n1 i rregmu-

] 0liti mnlulil'm, nlakes, the aii' aft pitch umlnlredlicta-

,;I h. Piarlt of thlie btiftfetinng effect mnay be tlr'ns-
,lnittetl direc'tlV to you through lthe stick and

'• Iw luls.

Aniothter untlesir able comnpressibility effect
Figure 6-24. Shock waves ao various speeds on a I litll u Shuilhows III) l it aiOlt this time is it loss

S.'-7 r'e typical tving sectlon of hml iiludi l i i ý;u bihtv.. 'iThe iirsc'rift n1ny u1itlhor
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selparation occurs, dowuvwa;lh is lost, and the nor-""= iiral force pushing down, on the tail surfaces disal)-

a p'e ars. As a result, the tail goes op, the nose( dips,
DETACHE - aIt( down you go.
SDTACHOC D WTha' iliportlillt thing to realize is this: the','•. SHOCK WAVE._

M 19 first sign of bllflfeting or tu'ik nider calls for imc-
tiate action. As any pilot knows, the thing to do
is to reduce airspeed and get the nose up. Act ion
has got to be fast, for just as soon as the nose
tucks iunder and the aircraft starts going into 0,a

dive, the situatoil is going to get wor'(se., not hctIvcr.
As the aircraft picks ul) speed in the dive, the
separation becomes more p)ronounce(l, ani it be-

b colnies harder a1iti harder to 1)ull out of ile dice.Si A'.!IA(HED 'The greater tie tirbilence of the air streamli, tlh
""I SHOCK WAVE greater the elevator anle and stick force ]'equilFORMED 9Y

INCREASING SPEED to p)ull out.h
"-TOM 2 In case you might be tempted to expelri clliit

ill the critical Mach nulmiber regiolt. 1)ok at the
graphii in Figure G;-2ti. 'Tlhis graph r(it'semlits a

'i - ylica exan v of the stick force reqluired to trin
""ta ,th it' aircraft iii level tlight as tIe Macli ulili-

1her inreases. Beylond Mach 0.", al uiiclreasilg"

.1 push force is requtired to tri ii. As colllpressibili K
A'1ACHtD SHOCK offCtýt' occu above Mach t.7, the aircraft starts toP''"'-. IY(;INGNWA'VE FOPMED •'! • :" tick mider, an(t both a large stick lniOViqnient :and

BY~I (=1NIN.. 2.'SHAPE or OBJECT '111 Increasing pull force are required to) prevet'l

.(SPEED STILL 1 still diate entirt y inlt( a dive. '1The rapid rate at
,which the stick-force curve shoots upward ot tle
""i..." '" gr p kes it tvalI tiat fast corrective act'ion is

- - needed~.

1''-'Figure 6-25. Attached and detached shock waves

illj sitl '-tu lc to'.lcl tlej'ti)diti~g On its le- 70I

-:gti. ( )flith two, thev l:l1ttt ts cotlsi.doilly lt e _____

.... ::~ ~ ,.,,,. ,1,,. . .... .e

'I'ii, k 1luis 'a. lt he 1 m ritilte i loretlt o W t) C spee . I P ---- J--.

"Aifiit,'s Si:'ll" a s) t l l)ýý -it' llowl twasth tl l the l ,.

7. • . . . -- - 4 .. . . . . . . ° . - .. - -. . .Ill':u' I I I'.s,'k t:l i- - n l lar v I, ) vlc :tile a h rg,-I

',.,) "-. " 'l,,' l :tr 11ol" :.. m r( )i" ll ,, }:11111 '(m | ()v r ill PU S

0.4 GtL
.. ,, I, 4 I. i w 1,,. i, t,, w ! I,,- I, if dioi ,, MACH NUMBER

-,v,, )I,,. , ... o r : s , •it h. :,it > sttilit : 9 3r. 6-26. Stick forces required to trim subsonic
".-• .I'. ,' ':,: -i , I: "v ?';•- ; ,i :,v i',':ll l , il'•c•:,)n '.''l•':laircra ft "
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1Benar if mIind that tnis sitlation varies 'with M 'u'tv'a c .ln • W/m ber ;., t1/w i.h 1.- t .xperd
the aircraft in question. The stick for es en'ou'- (.hwt ihub,) at whh nft/hr bufd nor tdli

tered in other aircraft when the limiting Mach c!,ah.f.;es• atffect a i.fl7ne)ry r1/71.
11niuber is exceeded depend entirely on the design L qbiiting .1[,ch. mtnher ;,N q!7(tira7t roi-
ofI the aircraft ; some may tuck undettero rs iavy ., , t/, .lumv, cc to Vwh (tum;. "Ic/u " U 'oii,/,,.'-
develop tnck up characteristics, ibi, q/ rtffcrt., poelc, , a ,,,tic•raclie •irlc of coato l

Now there is one more very important fact int ;i t • phcltae.
"Amenl'nt with tick n de: Whi it iq perfectly Of the various reasons for tuck under, the
possible to get into tuck under difliculties by ex- el'ect.of the ttirbulence and la.k of downuwash fr'om
ceedinig, your linitinig Mach number at level flight the wing,,s seems to be the most powerful. Soll-
or shliallow dives, the eflects are even iltre serious ton: Baodi %it the horizontal t&il surfaces as far
it vtou ejc,. th. lhiiaiting Mach iunbcr duriing i,-, l.,v. icat fron t lhe turbuilence off tile \wings.
liaietels. e.)pecially at high altitudes. lhis As you ca-n see from looking at- any miodern jet
.-.t ds to re'ason because: aircraft, this solution lis been put into effect by

1. D)uring iahieuvers. the aligle of attack is positioning the horizontal tail surfaces on the
ixag ,''i aItc d, )i( o' Illt II gi-va el. Mpn t I-itt eiloecos. verl iial t ail sIurfaces so that Ilhey are coisitler'tb!y

2. lit the thin air alt high altitude you clan ubove wing ievel. (Figure C-27.)
lick tip spepd very? very rapidly. By alleviatinig turbulence ellects on the lioh-

1 dli'lh ctrnaiil codlitions. tuck tip can he i7oiital tail surfaces ill this \way, the designers also
ciiuallyv dant•troiis. 11Vhen ani aircraft decides to heat the problem of pitch buffeting. At the sante
ntuk tic, it lilay do so eveni though the sti•k is titite. tholugh. they created a new compressilbility
1cinhg pli-hd ftiw'%:rId as 0aid its possible and full eRfOct. for the separationa of the nix flow over the

w!,-: tmit tab is rolled in. In the case of a fast, horizontal stabilizer now took place at the juc-
____t•_ pI, 11;%V1 lhe suiddlenj (levclone)nCit of ext em IiCion of the stzabilize" and the rudder flln. The re-

tuck tip characteristics nmiy cause a violent pull suilt is rudder buhfeting. In addition to giving the
out that will ilijure both pilot andl atirlcLrft. rudder aI severe potuditiig this may induce a

y awing e&".
Eliminating Compressibility Effects ('onipressibility effects citn Ixe further eliii-

hle obvious silution tot the problem of con- inited b incieasing the limiting Mach ntiniher.

ltes.--i.bili v ellects is to keep your airspieed lfelow The ucceited iniethods of doing thi..s are to use
tlial at wh'ich .-ucht etliets {tccuit. In1 this couitec- tlhinnur winig .-.ctiotiis, sweptback winigs, and low
lhitc, it is intportait to distitnguish hetwe'iel /'i- aspect l'ttio--that is, short and stubby \ilhigs.

ch.i Mlth ,unt . tatn Li,,;/.in Much nunmer: These feittures are 1ow%" present, ill ullyn' jets.

Figure 6-27. High tail sur-
faces help prevent "tuck

under"
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RADIO EQUIPMENT

I I I e l nt p r iSe s c pib e s o m o f t h e r'a d io e q ujip . S e o ' d, b u t e v e n t h e l ow e s t r a d io f r e q u e n c ie s a r e
lt~h i le(l in isti'lielit, flight. However leas, d t thorrsard 5 of cycles per second, calied

Sit does ,ot cover e rlgine.erirtg
0o theoretical datr, kilocycles, an( hiher frequerr(ies are r) easure(| in,or i otp s it tell VoI how to use the ore ipca ent l lions of cycles pej second, ca ler e lled gcyclles

.Two of tire tvJl~es of Ib~e equriprrent, howev-er. A ?regacy(.le is thus eqrrai to a tihousand kilocycles' the tad i t tel lrps .V D; d (hi e V(to ) .O rin i Prrgeq ,u tt 3, 05 ki al cl. 5, fo i- e.r r , uple, is the s rae asa re s n i rl)() w rift ie nl- w e ather. fligh t tM il iot tiseo t.re P.1 0a5 neg ac cle s.each coverei i,, spe.ial chapters Iater' orS.ec 
o ndeP(aiti 

ied i lto a sllee.t.r i rnt itig f Vm J•)wI REQUENCn) p) 11 litper l 0i1h (IRa.ng-- , with heirr recejatlta
lhireri s ditt5eri rcrcl,,, .o rtl to ti e fra -AllI rtrdin eqrrprrt'rt r r 0i1,'a~,, ,,r receives Tuec'+v. \1rd~ r'~,,sio,.atri/dit

11rgr,, k{, i ri ur'trin fcovereden . or th t tilr ge, li ethn.rhtit i s n t r e ta idirtte in to
itril laeroilliKt e potl s. 'Ihne w ic ri lon te astrlTre rece i vet rr list he tint rre, to tire freq re rly of t ire of t i' e ,gthezro r d -rie , !',ledie{ fneqtuc•l , Tire

Str ,,..,,ittr t{ )l'I(.. |') 'e(eiv th h',l+.t, rnnlrr~l w,tves rray follow~ tire s~rr/f (e4 of tlie eair-th:':::" s~m~l. I'req'l~ I(+,. re '+c.-io'v i t.'u.edi t~Jts for f< o n, ist:rr1 10e 'h';nctrdirt- noI the 'ortlhlt(.tivity <f

FC-e
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I _ RADIO FREQUENCY SPECTRUM

Frequvency in Kilocycles in Megacycles Designation I Abbreviation

10-30 00 1 -0 03 Venv la--c licquencv VL1F H

30 300 0.03-03 Lot'. frequency L~f F

I 300-3,000 J0.3- 31 Medium frequency -i-_______
I 3.000-30,000 j3-30 high frequency . HF

3000 300.000iJa - 30-300 WIN- , el' high frequency VH F

300.000-3.000,000 300-3,000 j Ultra high frequency UHF

3,000.000-30.000.000 . 3,000-30,000 , Super high frequency -1SHlF

C ~-tFigure 7-1. Radio Frequency Spectrum

tilt- tel-jioli I seal water I, ai goodl coiilhictotii r-ock , . widelt'l\ wieist. Th'le fl-veqoe11laes fromo 10-( ce

tieseil , ;1i1 j Iliijidel and are01 f llt' )0 ). 'I'llev liiil ltý l'e Its(ii for IliallIlt' 'oliilliuiliittt ills, a iiira ift

-- of sight) or I lit-v IiiaiY he i-eflecited olpwai-d froit: 5i0-16000k lilt' tle sed( for tolliliiertilal b-oai'.lastiiig'.

K:.tl I'eN 4 itooIs which hiile skY -aivcs.'Sk Il~ali t il (11" F'(38-30 111c), tranlsilissionl depends chliefly 011l

thyhi heiisp re( F,.7-2). 'Iovare benit thet' lktltav-ý1litel. flial il tile, ajpiiillv lttt'lill-

4 tiitAMu'l- the enithi 1). t'fullcti lo, tlit ang1le oif lieliti- ateti g-riiiliAwave llowevi'i, the sky wilvi's lit

S ~ ~ l( - iLTut'ipeiidi tig oii t I eil' f'klvqlt('liV. 141wV-fir- Iieefreqitelo-ies are- not aiw avs I-eft-acted fI-oni1

ijiit'iiey wt ea_ thilklil.lt tlit iolIosjhiititt -lit'iiflet'ettt I lt'e iiiiol~lisere. It dt 1 )t'itls on 'tile fu-eqneney ittild

% 1i.k to ii ll.i ('aI~l t ill11(] go (ill for- :t lojlig (listzililt'. tilet t'iiiditioii of till'. illlosjplit're. Sitliee ctiiditliolls,

huit tilt iiili'slet fieqoeit.ey WV:LVt' j)CIlletrtlett tlit Hinthle iosol~losIme iliitlWgP With tie tijuile of day noid

liollisjplit'lt' aiold r u .'Itis. with t lie scasoli, tilie dIistioces~ tiiit can lbe I-eadelli

''lic i-cil low iifrpiotu ' I VIA") 101-30 k- ) with highI fieqiietiveC ran11soolssilot \Itlyv greatly.

R t~ll tilt lvi' Ii t/iit1ItJ/ .'1ilwhd. 1,FA) l8it ci) Frt'qou'ilict'ls inl the vlen, liwh f''cqut'arq tiaoil
llt'Viisc'il clilelly for low, (listance t' ISPahi:liiolSlli, IVI" n8i ~t t'eIoisli'sufc. fe

HirticillliI ill-.Nfo tiriliiot'elilVl 5~ 't'. l Ilit' t- anit theit'r sky wavesC Ille not sligihtly lt'flllCtt'd by

teil IIII:t I I oI f tIIIt-se fl're I IvII(.v-lt' isý alway-:.\S low, tand flt'e looiospliele. 1 isAo~t trtill'islisiolSl~ 15s sittt'55-I. ~~~~theirl lglillll wave-t isstlie with Ii lit. hieisetuoll fiil, tljoittgli. itl'tiihlttllt g it'rI-te-o

viti-nit ion. alitt'iillwii are hilgh etioighi to allow thet Ilse of direl-ct

4 11 th lit' mnlwl /li/iplI()/y 1"ii1l (Mi1") 8io wVeS. SoacIt illit's, 51t'(il conditions llS i tile 101W0-

iii'i hC'-), thle lower fi-eqoenaics. air- fitll. t'1r do- 'plit'le j)It-lilt lollg ratige tl-ulistillssiltm at such

P12-:':.' elulahltl'fil lithaltl' liigheir illit'. At tilt, lotwt'l frt'quetlies.liitlsnohlqllofeeolg,
a Iiqiituiej's. livg~tiilit wavs iai ii le-'i vil ip lioiwltg. toi depe'nd onl it for regotlar long dtil ist

:)(1 (i)1.ii 411(1 liiilesý, and tlo' si\ \%;Ivtes wdi t1 oiiti r 1 11:4itiiti 1551011. 'hule VIII lie II l~Ii is oss'l foa Short

fioi I 1)110:110:: if Ails .t tlii liiuldwl fr(leitple- dlstallil. liii'-iif-siglit- trawli.sllssols stu-hii s ill

snil()l ilisal liti and tlt- skyci N ctv-sý ;Ill. ilt-peit-1 lahi-t it I-cia ft i1a1i'li1ig lws'aioh tlIlliI-Sl;ii~ohiL; andh ill-
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waveM'm bei1 i~~iija oi at these tic- nmeans. for vx~iiililv, That ' \oil s'ioiihi cilhl y (lii

quueiuivs :iTc thol-tehoc 1iiiiitedl to ~i Shorit distance neVXt lan inghd IKfore bc1) iigou i~o
ki,\(Olh Tile hufltiZ''i m . the ilnohý (ItAntic tuol It Iellet~s hmt \.oIi Should seinl (hi-tlres Inkieages

toiu II li 11-v 11(:I kI Iii:ilhcS thii'ii li'- ve1v (he- hbl iik.t o lou tichili ltitulde is, lo.t. Fulli thei or iiie.

!~iude. (1Tlw :1Oi1h 1 IcV-c lti-eqtciies. arcI ae s I I .,i~ udaiila 11thI'll F''i Wives tuhot i I luteiiit V10tie

Il IIIc 1).i lu ighly dII icut -I e i % I I It, I II I:i. I i cm iceti Iit I 1 1i it vilil I \'V Vl 1 V h TVI Iet I IIZt ili t ltio0 11 1 s1ditlSfe I`

th ll' (i lVilt() 1111 hieliuiS, lhi(1 l iii (aw' their hilt lobe hit (lunicter151ic. mid ~oillmost learn fr-olii
tield ilntenl sit leN. BY tile' Smile mleans, 1T11114 all pr1 tact ice how To orient yomr aircra ft relativie to the
Sill-I' tiiin :111iu kv h focuuv-id (IiiIn Oli~t, ; hlN p \tt 1 wth Iwhomi No wI'li t o voilIItnuiliclitc inl

I,iel Vuil' 11iiii h IlIk i, t11: u iit of I -lir t. uu (-dI- To ger gi uuj r(I (I jut(ll. YOUi ltistIS leaciul to
A irIcraft hav Sc oli to tise th Vi I II F" altid 'IiliI tilie lobes" of voiur 11111Ft" stssin A

P, ImIFbiils lrcNidei Illl~ i rtccnt fe~illf, two (roo(I tip to relhieibeiulet Is thut whciil youl ;tIrI' ll aj

1e~su~u' I A iwed fiw or fii& tteqieiicie to avoiuh jIIIýitilii whulich leiyo 51w:11 etilt'e otherT staltl(io 01,

q) 't1IcII(\\dItIii.. iIld 12 tfile secilit yV ftuOhi c~hat-l\ aicat ai- ciculsN, \.oloItre 15( ill ;k goo([l

(;ivcýIhiII1,4 g'iitiu by. Iline-of-sighIt p.I)Oiol(I to Ile heardit by hluii wsteii \-oil trl~ishllt.

I i1iiii55iuis (crt-I III Iihilttlel-sirhle effects halve AvXoild ti-Vitig to -ommuiiniicate wsithi a 111114 set

bvmeii Th orc t hiM-. 111 IgreN'. Bojthi IF V 11F 1( svhui ii ii4 h 11' 011 f Yli yIll-jie(fsjrl If 11

1,1Il1" ,cli- v hits iitu niiange. llfmevfei. just as 1iahiguit- 01, i iiioilitaill Ilies between at VIIF traans-
51111 (.ill veO litthici :0 ai'he ltituides, 'o 501cal toli'ter :111d rteceiv'r. receIpti(Jl is poor or inlipos-
Us~e Your VI IF or I F l-ud0 iQ t longer -aiies1i1e

- -oo IONOSPHlERE --

GRtOUND WAVES*--z-

-5,:P C'S;AN(I f

* :.--Figure 7-2. Sky waves
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. - --- - t~nhl I notlg. t~l-ii I list' IN-ill 4111w too iliicnh

11 1) 'tlI Ita I I n - aIII \ ;I fII- tv.
Set tilie vitItItIIel v ju Itl SViI 1t o th clilv~ I I z Ii-IitIei

the [fil \% Ith (ill ile ra i-lilt e col -~

110,r11 1 'o rekceive oil both1 t he sieec tedl

I I ' I c lainiel, angd tdes gufr channelse
hil (t1-:111sosit 1011.1Y O4' tile '_0eVned

c4'il'X ltle sl geS

*' . fotiil iii tia i ctolu'c po-sito. o- 'tntitfe r olllvjiuix

:.j tnll At\Vo iaIs Imntttsirel Coll)X'11111, achl illset

flid ill livle!jnm airraf as tvo whailen to se thel

to 1 predeteri" ed liediuF fiequipm uedt fotrll

Figure 7-3. Range of UHF/VHF communication. V\il, gives; hetter recep~tionl thatn MF Iin (la\tilnie,
By means of this line-of-sight nomograph, you bIjt lit Iliiglit greaZter, ran1ge ii o~tjlin~ed froml thle
can read UHF,'VHF max~mum range. Connect MF equltipmtient wh~ose emiissionis ilre readily r'e-
the plane's attitude (h) by rieo, , sf a straight- flectedi f-o-1u !Ih iotio,;plwere utlid permlit gr-eater.Iedge with the altitude (H) of the other trans- rauge. Of conl-se, Nvhen you nre beyond thle line-
mitter- receiver, Read maximum range in the of-sighit rlange fl-oml tile other Stat-ion. vou cannot

us;e VIIF or- UIIF.
M center column (R)

UHF Equipment

COMMIIUN ICAT'I ONS EQU IPM ENT Naval oa nnft equipped for III lT ý wow1 v
Navalit t':dtotte, lixe Lw~ ~.~ (5have tine A 1X -27, 19¶-chimaiel taltitrrcexlt

\;IN;Ilnlienftoftel llve ~o f, Mre -nd o ro possibly. the AR(' 12. IiJ-clianriiel transmIlitter-
I lttslli te--ecivrs for cohltiiillticilitol ill - re ve r.

lmcs l I'x liliX* IJ{ý th l mile of.W d[(iffrl(it t V-)is. 'i'( AlI(-27 equlipmetntlt 'onsisits of a receiver
I :ill4'( I Itflft Isii' lolve 111014' equipfmenit ti-ulisnuittem- 111(1 (olit' of, 1mot conitro1l units. Basic-

t hiktl 51111111 onles. loll v (h Ilec it-o jul tiits ilive of two t ype's: those onl

ANARwANli ich the opel-at or can11 select cer't ail tpI reset hi-
AN RC-i iels, and those,; on1 which diij operattor (.;li tiltie

'I'lie At H-I is it V IiIF ;111Yiii tl-eVr ayOf the 1 .75o cliamiiels betwveeni 225 anid 339.9
of oi'-s1,1 p i-:11 c i4'll '-ý . Ill io'u v-4s ohl (.:Ill get it good1 ilhil of tile set

4 hi lw t ,1;'1r 1ths' iiW- , I l(Il1 w f ll N-f - IN l l

thould ble~i ;vth 041:l toi-Iio 1 illillio the 4' A11v 4tliilo R iiitI.lltltll III4'i~t5 si of-
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boxes ore slinlihr, 111i 1silig the Namue receiver-_

'll'at1•ll ~ ~ildl' I|II l -lliIn,.g TheP ý..4awet qu1ality of re-

rrt'ticet ioll except. s• lltvillit iistaillaiontll. lt tviate
difh'ereilces. The AlA-25 Direction Finder
G;) ip is tovered lat'r ill this chapter.

RADIO COMPASSES

lhiis S•ettionl ditscis.•e, the thlree litust ctOllIllll
=: Ztypes of radio-direct ion-finding equi 1Uilpment ill

"g'it'i:il lis', hlow to t 1it'1 and adj list th ll lit] : hitiw
It' u list' t it ' I v lloli liltaII il: I jl t itil s. Ii tint'wý, Io

= •- • discuss flight pr'ocedures lsilig thie rd ;

S• ~~these are co~erect ill (Chapter 18. 'fie three rd(

N1 dirteclion nilfilig sets discussed alt'e the AIZN-J;
- and itA]N--7, whichli uiei'mte oltT :t iaitge from D)()li11

to 17,! kc, anid the A.IA-2. UIIF''I)F geat', whith
is usually found iii cton)mntioi with the ARC-27

1U71F comnnlniTCtl iosI console. The ARN-6 and
the AIIN-7 are siiilar, but the ARNI-6 is the

" - Iat'wVP'er, snualler, and better of the two.

Figure 7-4. Receiver-transmitler RT-1 78,'ARC-27 Loop Receiving Antenna

The operation of a radio conlpass 5depends

chiefly ol the characteristics of it loop alntelnna..
Figure 7 -5, life ltogethier but clear of the cockpit. hloop antenina, supported vertically, gives Iliixi-

Th'l'e contirol nit ('--620 is used to set till the chaill- 1111n11 reception when the plane of tilt 1001 is in

iels the pilot can select on his remote control box. lihe with tlie trilnnillittili" Station. tithe 1oop

Where the C-6'26 is located near the receiver-
transi..tter, it is possible to receive and transmit
front that locati-, by plugging the mike and
phones into tihe i-ceiver-tranismitter, setting the

(-C6o2 coitriol to LOCAL, i1nld setting up the desired k

.,h, minnel. Normlally, however, as a pilot, you use
on1ly -youlr remote contro] box, which may be any

of several types; a typical one is the C-628A
shown :it Figure 7-4i. Onl this box you call select
ally of the IS channels plusz the guard channel; the
frequencies assignied to these channels are shown
Oll oi calrd1 nieliiby. Yoll select the type of op)erationL
by imiiher swi - T/R (transniit and re-
cei~-e)> "ri+± ri.C (trlilisinit and receive, plus re-

ceive guird Chaiannel), or Ax1F (auItoniatic direction
findinig via D~iretion Finder Grokip, ANT/A•RAt-

25). 'I'ie purpose of th0 volumie control ('oiL) is
obvious. The seitivity control (saNs), available it:<) ___

only oil later iiutdels plermits sensitivity adjust-
nienit (iil) to the Illmaxiintuit sensitivity preset on

V, tile receiver init itself). Other types of control Figure 7-5. Master control unit C-26,/ARC-27
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I- i'll uli' f ' il: I i t' u li'- , i l, di i l l it' Ni 1i l f il l' l,..i ,Vi' rti'' I l 'ii I. gi l i t
10A,' ,"!''- l l'l'' l,, Zl I~ ~iit 11H O lll11 %.\I - fi' t ,t 111:1lel o f' o f1 flit- mi lk-l;tfl. )|It t'. t ;I ] l l l l oo l lu Ililo lo l

II( ]( I'll) cII, VI- II.l~li,• t' i to it l livl• fronti lilt n'-Ik- ll•,' :111ý11i,-jI ll I'oli:ll IIl 1 lh oohpq . :•,. hI,' loo ,oll tr-ol
ti~q . " , . -. 1, ], 1(m i, l ;Il' th e Ii III,'I II ii i i l ', lt ,,l ll 11''l L" 1•)" ; |~ l l : I N:]]• ',l ! t 'l li g fll, t~ q , ,1,w~

Use illllttu P lo tlloinll. T i
I t,-i,. . , i,,ll toi " :1" li llvlof III(,i•ll, tlivtll-i - Fh ADIO Ci O M PAllS 'AI'/ARllN-lo r 1 11vlll 7ý 111)j

NfiI r -g I11 I 1 01 Ili " lit, ýolt llt i t'f i l , )1 It ,n 'il t"l + l iti• -II •lilt'o l 'lil' .t l ift':!l -'..

\,luivl i lilt, pl mli of the II1,,1 i- , ,ili lelt1 lilte n ln'.- k tha ],I0 :Assilt;gblitf :11d ,' ll-. lilt, III-
""\\\liitt,' rfdi .-A l ',fl. ( l. t fi. 7--7.) di'if A tof i il \\ IItI r ctf i .T' tilu ccii ,zniul f l ht'he i t',•

lilt I fit iii. liii I~..- t t i fl Ittiik-. \te'o i f u:,.L. ttIf~" iit~tf'l

Use of the Null Position

It I.t ,th'" Jit'liclll to dolv-i ti li' uli t ti tittly RADIO COMPASS AN/ARN -7

litt, t i'. t'l, ,l liiu,, f ttii ,, 1u f.IlIu Id'-fl ,it , , tif t i t il l, w it Il i,

ut' Xli:| ii t~ltu'. '1' tjw wli'f' Ilu flitl 'l"ui ith l t,, l t'tl t1;1''lttf ,iu,'f i lt l,',il v•,i~l .f't l l- ht i 't ili;ituui, i sli', l tll:-

,.il,.tl: :t' l h.i-•Ii lit . lll : ,N 7 in k I lilt-V1, f' 'tIuli'rIlll

Ihzii~h Ii ,i' I iawill

l:i•l '. (,'n) c(I•v'q l vlll3, it) fl'- i t-fI} Iloop 11111,tlol: (Iirtcc'tholl:11 allile'lli l (loop).•l ) a-..~ ~b t\\,. Iinli,.it-

,-,,tI,' t i tll I i- -,tle II(i: i t I III, to III ti, I 'llf I I N I cf If'
I'l:,I. , [iN~ ll ] ''ll,1 \\II : it f'•lld i~ll-plol of(q Antenna Assemblies

til talim .," 'I l'l i1 l t-it . fit t il it t' i.litl iii itf l .-. tlitwiit's. '

|"1 clziirt, fl.i' tfillt 1•I be, ibt'. lli'' , I'l- i litlltdfliolll:1 f ftlt ll lit t V bi lit ofai

Fig. ur 7I ....... loop I-lit;i[Il s1tonIC- A il IAI Cf 1. il l l M \ I t1 i it fhtlli_ i' f tI f iI, l 'i it Ir I ,if ii I,':. li lyt II.uI"l'• r ill m. t " t X ~ l ! b h I I b m l t, II v IIi f II ! I e r,hi ll. \ f l it :, i I li l u l I ..III , I II ll i' •l tl l I .I( ][l I

vv l\ hll \ \lii ' liit, ll~t lm vr•ll ofl 11,q ii, l l i i li • il i s!•., ; lll t •-i is ; t'l l \, 'ol'z llt' ltl vl l tl/ii flli ti > ,
:'I ''''t I 'D "I!ll ! ' I!t tt !,r I I' Ih Ill/• I'il hIll- I.lll~ Ill k;tIvI, II y , V u1- 1 ' l~ l lhl' w i- ft Il ; V'1" 11 1 k-d I

11, • 1 Nli o' l lq 'l e it iltv ti t, b )o l t fh I (',s: t i ( i ll' I. q "I 1• I I IvI f l I ;•' I -itt I.) I hv . \'I lle -; I lit ll t a -nd its

Iil,' V tld nt' !,ilkw'v t ll t, t il ll ili i• •l•ll ,•<l 'i ll iit,) ,- t•llt• I-) iili I~ ll i ill •ita f o ll
ko w t)1" i nl] iltly th at Jlr i'lfl, st~ition being i volve. l' i Is .f ile loo hp. ) al . i•l~~liU i ll.-i•ia

ti= :•l. lill , 1.1iellw illidi-l~ i!3to tit, iml trt w oo . ht l ol :1ii -11Z. T of h ftll,. At'li N~ 7s hiý Ilih il

!,7• Vti hk'l' lilt' till) 01' I it lS - ll N' I ) tII :l l•l:fl f 0 1 t ':l I )
jAutomatic Radio Compass ,Ilt. ,i'':ld lf '~ll'Il,,i il fl:'l~'

Thl'~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~I fli~i~l:Iai)(!lll~.•' 'li~illli• l 'it- forveI)"1"•l'dltzift'a~ o rvilr lint I), 11vflpvlll'tv•i,'it''

i ' 11t'' 'l', ailtoll :1t , ; I ;i •':ll t' ;Iý fili' l i t !•il o a r ll'l:1il\'ih , fl-fl \ ho' • dr \vlo , Q wilvllir
1 1%) 0011p ss qu pul'lt l h ll•l- I. .'l tillIt.,li.

it io l d l--ch lldTi-r l t' i:il lrI v ilcr l. 'qIi 1 ' tltr]r)oil i S Ilo ti !',l i ni il.
S•~: liltW islcailll t;o~lili ilid il" fiht' posltlol ;I , Jl•. (>i"

, i l o oll 'l : vI I .'l ll• ira i l 'tl.) 'l l, l • t l'i l i l ll

li i t, :Ih lto' i' i l 11,1,1- lis~lo tI r •, l k ý Jh ' ct i( I IN I 'i l it' 1ý l'r i I

tIit, r hl,r poi tio t1I. ll "t o
l f6it 1 II' 1 f I l' : il l Jet,

11 Mfll il l lit, tX i ll lio ll(>~ io ll (4 ilti (llt " .:tll Il e i el. 1"

7--
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S"MINIMUM"

"SOFT"

Figure 7-7. Loop position characteristics

Ion 1 : ,111r 11ol 0 t11 ~ Ie%111o 1oxe (,(', \VP Is A fm h.Ilt.'ti. O i' 0111iiit'(lo coll\VM hit ti lt

Il(•toll m tll',,"" "tnil I 1t ll 1', l hl,'- . th 11111 h 11',. A t•-i. ' Il " l ii , t l t' ( l .lll' .i t' h Il tIitOh l Oft tilt,

Iire1i ight t isi t l;Z~~ I l ' .t'lIr \.l~l~lu.,I l t l~ ttitll ij. 1111ltlu It' ll I S s~hi, l o t IIt ,', ll~l- ,l ' iiti:tttt,• (hut ti,,

* '\1. lt',s l -t 1t ''- H i t I'll 11,. 11 't-'•lh . 'tit. lt l svtthi |f t 1ii , H I ,.l,,,t t•lll•l..i u g * '* t v. ,.* 250 ROT T ' ,I n'~
til] 0o lp c Ii O~ shaft. Il Il'

tll t : 'lo-\';I Il miti' . T.- CI' I I I•:lttl" does ) It 0, 111,01 IOCH& fflpl VO LmEi
.-~ ~ ~ [III tllr w :11t, s\ It,- l llolo t ol [IlktL,evic~t' l :Itlo.•l~ ll (it' ()loop Ilintullmst.'4 :tlld Ill] tilt, hloop co.litl'o.J,( lttiS

''II SI 11 OlIl Itll ke, I II )~~* AI MUM

posi oll ti 1i I Ii t i Iiia i11". t;'ll.llS tiv tll. A-d I o g lI ;lti' I IiL i il 2I o \'hich tilON HERE

C o n trol Bo xes t' ,iviii it tulll d . '|'hl, .lidiO l oU.t4AN ýýI l\ sS the N t 0%

of tli' i t'Ol h s t '.\' A N N �t io tl Ill ll hi r'It t hi ' hlo o p fit'.l.
Itrl'tlled fr',il l u• wi t. t t%\4) L'+•ttI't I-o boxes, •tlivilk-ldili.'.. ()It I t k ,,r :it s ll 1, 1111 .vI" it(' uioi+-,lir'ect oit '. Itil-

ol t i l tFi, trYe 7- L o siatillhptt rnll. Ill sill' ,, tm s i t ill ii t ilt. Intl t 'iv t om pa.<-;"-,
Ilililllt ,'(0 t,lltl I)fk.:[it'li t' I'll il\ 1-11 tuoll~l o~! ý\\itt-h. liotwi zu-. lil , )N tht,- olit' llmlllilic.:1:loi lls+ t'e'l'C \tl'e . ()I)

A\'!lell lIiwt-ed+<, t 1ii> +-,\vlt.h d i ll 'l.;tles ;I v ]i'tlt I whit i h ~ ,i poslit loll, oild ip" thel oop h 11+/ itllt liln I.s 11-twd.

Ill114'.lll ýf row t. oll l fl-Ill )III l '11t. I)O ll ;iit~iO litr. .A "W htti Ililt .,\ý lUch I•- ,ilt 1.1itl', Jithe Ipos•lt oli tft tiht,

71tt li ghb~t i hll olit thet lImx • l i sh i ill collivt l . ll, llg ;illLliv i s+ fýlli( oi l flit l ilt d kii i'l~tli', D+t tD+'

A\ 111ild -iOL-•tl~ 'Ii OF il-l t% 1.1 ill tV:I li b()X t'01111ti'OIS.

;I l: it •'ll:tndt lillllol" %\ 1 1ii S'h >w tl itd I S ill lilt' tlillli'Il

• i'' tit <l" l L' 0 1, dvý I'v'd !!:tit!. A{ldi,'' ilIII'+• . N

.A P + - 7 li:l"• : L -t - 1 1 0- 1 !t ill i IVllll t olt't, I • \' w it c hi \\ itll ,• 2 5 ' R O T A T IO N

Il il t f O 1i~; Xi l l\ • ! ,;i l l t k : 1 0 0 -( m)-L l l k, . -It m , -4 P ) k (' , -4 i l 1+ C H Ak N O I S V O L U M E

"--l ,t.:ilt ,I ,l- T-it 1 .7)o ,I,(-. By 50%

.\ tllillZ 'litc lllt•-th . lih li• ,'•liltll•t''>.• .__.• _ ) •.\ MAXIMUM

I I wl mk ch.t; ll+<+ lý 111 1"•~ ];.-- •i i lt , t , vicxt,' fl't(Iml ll(, tV MINIMUM 1,1"4.

dci vcdl'',. It ;i1'-O) t it ll(, dia~l. .A l ll e it't'l 25' ROTATION HaERE

]l.ll' ilil;' illli •t,.ll'l M i..lmt.illi~lli hlhef t ti,,ii VOLUME CHANG15 LAS THAN 10%

o+f the• pliteltt Ito llt I!,dht hlldici h-it'•I• l 'lvý t ' i'tt

+•u•,:t til 11,1.+ Figure 7-8. Loop signal patterns
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ilit l ro lie ,'t'isls cIINIt N, if tie I t ro viv l. lViliv] two controlt i'tuj , t I r~e tised, It 1 p-' ,;'ýih l v a t ki.

fumeticoui switch is 5oil (t'om I 0 of l jPW'tit 11.

tilie Conitrol boxj. Bet veeti tlilt-III uii t:isIhe il

eIAi~s of le iliu I -Illei chltp voli'gl th oitron box.i

'1W C\'W-VoiI(Tl;switch ol thoI contro~l box ettlibles
volt to contriiol the set for' either Conitinuious wave

4 ~ 4 1010 e)t iou 01* \010l' r(11' tio011.

Indicators

-o ~ti t-jes of iiidi -;tols ;Itv lis~ti with the

11l1,t' i 1lel 1i"l:ti il wlii'ii js l~illolst l'x:Itiv tflit, hu

Figue 7-. AN ARN 7 co trolboxis tht11i;ted ivil, .t, h0i5ife iiIliviIilt sid Lv(,t fill so op.
Bohiebl m1(1arked 0 slike the mlobbe poineion of omg
loop Nicc)hulls rei-idlltes to he loiigititldiitil axis, of
the mijc.iaft.

III)II,~~~~~ ~ ~ ~ ~ ~ ~ 1ivcllpoilI l-lw olls,\II idicaloi' 1- 12, known ii tile fill, pi~loti.i ind-

limilml~ co [.(I I'll oop ca'toi' is geiievaillv ilflstillei oill the piavigatoil

t iit l( ittt o ovii Ilit' ('iltt O te itch o eao ll kllmit'5 the' stiih ei patlFr.''l

filictollS\ 01 s o Joop Itcmsvstil lot)to ilthis Indlicaitor' ech i'ei1esenit 1 v. 1110stL zeroiI.

1wIoh it' \IIIi, ; tI tii cloc 11)14k or 1 c ll i tll ' c l lck iýilt'di- I16tt' Iotlt'( dl t ei iiib rIdc to s ls 0

jpek o vill t li II wh~ich~ a{ I , p sslit .~~ii III11 vi.,st ile d i Ilein wOithasIld the 1oiiigtitdiiiat axis oftlt izr t

1,4111, ii s:Iw 5vs (Ilt loo ito villl tei Po e Supplysed n ic tr18 , n w t tei vgttrsil

'1-81111rfl %iula d ;tt es ie111,p esll- d c t liýg le a l n t le l h lvglo '



•_;•• _-.-u. . . .... ....- , ... y-9V-W.- V'Y N..- ,fldYC *".v''w',-...-.

ALL-WEATHER FLIGHT MANUAL
NAVAER 00-80T-60

• r %

Figure 7-10. Radio compass indicators 1-81 (left) and 1-82 fright)

tain i. l)(w poer fl''ile Ci('S.alldcoiveIrt'i it into IloxeN. Tile buttoi for switclhilg cointrol is iII
.tl• -,) ', 11,'-volt, AC( power. III Ilio";t ali'l-craft, thet ce'ntle of the 11;114 Change .-.wiltc , ;111( control

I li iliVt'itt'i is oi l 'i' ai i .eli trw•itl i. h ut of ltw equipliw'nt is ilditattel iy the flulionil(ig
111 sf1110' it is ttiriiei on bV thi fiiii0eion swielCh Of of th, Dial lights (Fig. 7-12). In somIe instalh-

lihe i compass. tions, as in lighter aircraft, onlY one control box
is used. The degree to which the wo. I--it switch

RADIO COMPASS AN ARN-6 is tiii'uried 1o tI ie left or right 1olltt'ols hit' slAeed of
tile rotation of the 1001).

RathiO copiii•i.' AN'/Ai\N-(; diltor1 s troi 01 he i'%wo indii'ato•rs aie iised with the AlIN-6
A IN-7 u I ll" it few est )eCt't , iiostly ill the cii- radio ttnilj .,s-.. l )ih)t's indiiiatotr has il aitd-
cllits. It. do2s not ist' till iiverter t0 sipil AC just'ablh stale mid1 !a.s c'alil)bration inailkiiga., The
to a high vollage i'eciIiel" or to the aultiii iiiit it ili.gttol"s indicai t l' is idhl'ti4'iil to tile 1-82. A
(.iir'l~i-. liist'tolu, a vili'uioi ui1it Mih lt ito tile pihl's igliht inlicn:tto with tlith Ionter and uiiin-

0 i11110 pi'iviile]s ietrniitllig iii''u it1ri, ' fir vn':ai co rtiliI wit h lUiioille'cel' t iiiatt'iial i. also
:iliti: iw ic tjii'rattifli. availaiblh fDr A N:.; I{N-6 installatiozns.

i,iltw tih A.IIN-7, the .\RN-.i uses iioii-diIec-
Il I1 i( l~l f ;lllt 1lW I.S' Of .VVVI'l'll tyl)eS, -l' Aý IIIUNV 110

1w.ll , i (,1 l1 inliiltvtid but loust be at lo'ali 1i l'(',

f'li' f'oill iiii loOp liii i'niia. 'I'r.e l()op ltiltlia

ltf Li' .\ARV--ti ti"g. 7-11) is t'l'tw(rostnticail•v
g ll. '].ý l•',llf, filed ,,"\ ,h dry Il hei 'mg ,l i'l l? • loo IS '!
I-] il,.. 1 I,,\ a l ive ,ilot,(l t, h ( r mi h i lred(l~( l,. T h l. ý'l, ) l) l. -

t r:i! "l''lle .(-il~ q I e l op llit i, lah c'.11lIll Iith,,ull i, li Kt

;illd l:•;1Y Ili. 1wJ aIt'd ("lIthel' (m1 ilhl( top1 Or1 bot(olll (if• '
lIl : id 't fh . "'lYh * ;,ill ( n e m:.;i l il, i ho A. 1t N -1;

is o'• ;1i'uiii ]ii lit I ;liiti is thie illtO:-%s i s\'."-t'lll i iI hit
XB-7. .

l 1:,li, .10 ; -7 ilw .A ]Z --1; Iulla he rv,-
iiiiitl ci)i::lulled ftnil (oi' o f I' I 'l'iiiiihi' 'icOll to! Figure 7-11 ARN-6 loop antenna
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UHF.VHF HOMERS

vided fv the VIIFIi 1:1 F' iF 'ecei eC. iTe.e it" iC \ e.
-i t(l,-t 'li n o s." T h' e A\N ;, IW \-S ad apt)e r', fo r'

tx:tilliljtt'. ji iil'lll t itlhililg _ i o al ZI V II" t'at i tll \\lit'i

l i;tlis lllit s on l s ift'ilt f'be tw ee 120 t l ll 14 0 t6i

lii, Wi!h t her it is Ill :iitir taft i)r grou'lt N.tatioti.I I I 'lhi - t i- t ,lll t l I , i. l( it suIIt a )l C forki 36k0 d I re_•t ion

' maval ine. hIIi .AN A. .- 2 , ij i tlii ctis iit himdr- --

,.. fli II t ll'" i "ii I-,Itlilt l iltc'stllh v P)r idet i as [irt of

-. \ I.'.\ •.2, i iI %Aav s 0 usvd ill cottt ilu i't iol

-il( '-< i i ,,to ,f [ " re.vi wait - as itih t t- Figure 7 2. . . ..- cnr box
lilt' itit I t'i i li let, It" 'tt'Islr (df ilt" (ll. I t Atlt i g l i

0:/,:. ~ tlht, .A li( -'.21 'oIIl '(i-r-o] Iý - t ).\t1o , SI11ll:ti I'evept]) io)li

itt eitl(i v~ from I'i titlti it' 1itti bet h.t t111,1 lu tes )n i ls'tsi i 'iititiu ih isetits nut

11,,.v .kI Z. \ 2 :, 1 iu t (,I I I (l I. I T- 13) m Id t he. ,.h.c - ]

ti,'.iti, ti s t, 'lr l lp ivIt i S t lt'ti l itti()t. it tile

: - tl. wIli l \ tt' wat is iwit it) Figure 7-12. AN/'ARN-6 control box

'*t.Ille", H i Itlt ' '\ilti xt.lt. age tIi tut, iA o c1ci
:;]" .\L•Ali, -ý, i, all :Ill+ "?liv e ll /..g (,X('l)t (wiT lito \ ilIl

SlI.)f It't• e 0,' j It i,'a ge bt i rttitg iill ft'vili t is o . If
'l1hv .ttilt s it it h n li rllt-shilp'e I lt ti i tat ho t %\. til, ,l t-'i'.ft'ti iaiin ftwtii W i ts, -

'. 'i'!,, -,1ttlim , t4tliti. :t, ivl'm is switi' l ' fro ll l ll' f) , lit ltie tah, t. f thedh,. ngithP 1 is in ( i-tk'
MW Vill 11(h the liM I ti K he (lt'rs t til'its iltt is jig iStll.!tit d i n c n'nei ction with its tiOllnl,)i.ie ig1ti t,•"• '.+~A''tlilld Ilhhs ''x l", li, lit, fhvld p):Itltrl'l 100+ til esliolthe I ..- I. lin (C liptl er 4 of thisll., alimllt .

t.1. 7-10 P

,S..-ol iI. 'l'llrotghlise of whlt Is klow\ its T RI -25 iised i the .- ap its other
ntsilUl r' \ia t', phi ltst,-sensit+t ]vv motorl colitvllt' lill'it dhlt-t't l)i fliiderls ecxvept foi- tile lIll-of-sight Ilhni-

.il ~ ~ vt'lilrll' ý aIll mlltvillm l rt hivt inti l.t)l \\hlch o'tt. it a i l) (I its Iralllpt whi(.,h Is thet Sameii :I., fitr [llliy
"".., ;wi,,illia 11111 il lc w, hm)11vuls o~f' -,41111 vo)ltnlgos nt, ,,theur VI I F -I'llIF equtipmenelt. (Sve"It'( i~ll'e 7-.
• "•, t~~lie' 4)lltl)lll ~f, till, :11tl e'l~ ),1'1l1 c tt l T1

',• I'i'trv ('Q-llt( ' 11v -,Illlv'l xw'i'tvi co)ntro)1 V(It:l,_-t, ito Zero Areas of Inaccurate Readings on ARA-2$
:-".i ~ ;114 and p~ . tq) ill(' ll~mlo . tl'h s th' Iladlie, See.".l~ a / ', t/ Jb ,, H ".',,,/ .,- ,•' ~ rcl
.• t't'lI :till mlift'lllit {iwiellt;tt loll lit l't1:kttHill Ito 1h1v S-:iz- nh ott cit' •IIvS -,II; k Sol I'Ice t o th re ýI. cttollte Shapi ed litrell

r., ~~ ~ ~ ~ ~ ~ l Mt ~i;Zdtceilt •\h tilt equtlipliltelit ilYr> silow\ :Iin l~i.+tobl-o Iiu-
i..2 " ' ~ ~'Pl e}tt q : 1 1 4 .- 'l l t l l t o •, ' ) S 1n ' l 1 " Z e r ( 0 p oI~ i l S ' . h I d l ct at l ( : mtif l t. o llth e 1 1 l ic i tt ( ) .

% •4 oilln'r \\orlt l' 1."()' :1lnlbig.Uitv 11gf:1111, bult if fill, ;Iil- ]I'; :"tht!*tf /l, l S m,.')+'", If tile signlllt s()lli'(e
i:%• t~~~t'lill:t stljpS ()It th(w \\r-)lgn ,"Ile. the' lil'St vii)t-;flitol) s ; ll llt i i g ti'''If • r ,l,' i)i, l'') t

oT -\ I le , 1 , 1,~ ;jtle (.Sli)•t ls tn, IllCol()l'y •(i :Ilil(]"
i-•,• ~ ~;tI tlit( Illl 'lll i a:t~ ill tl11til it h l st• th e I-'AltZ l "Z ovl'B , "- l l owi(t.' 1 + % ( tl.,r l~ m - (Z i 't. 'I f t Iv in ic t I It oo mits.I f in .I l [ )I w Ir \\ frtl•. tIlel t':,Isc.( lili i.• 11ll,-t tb .. / ./+7 ! ' ] ,; , . f t u s zi l s t )( tI

T l ~ ~ ( 4 lic . , I i l t , ý- I l~ t d . nllv 1 1 ý ; - ] ui ' at 'ti m r i '( i h ,y : 1 f o ) r . _ ( ( t .-m o d, n n tl d y. ~ svo l v 1 1 'p e t t h a t t h e h < ) r- i z o l m

. i-. ) I I I , t -g o , I w l '; i I o r i l l f l i , m it e ~l 'l ! 1: 1 : t . 'ltSl l~ b l : 1 1 1 d : ti ) ] )W A r'S W I T 01V4q \ t | l SI~le , l r ''C V o Sigf l l l 11 ,1 1 d • O W ti '

Sl M -1i' Mcli 1()t H w (Ir, l,. l il l , I . +lit-l l vr'l': ft, O v\ 11IL'Ih('l' ito llt'l'e ist' ý.,I,,g lm l] ý- ll' vll.l l.

"to, . I . "+, u t, •l1 , it 11)/11 UP\ 1i•(li- OIsol/ll]/ l l.] , b(n ei mn l'igillZ t ast billt I'S Oc-

llil' , vlt I I) '2 )Ilidli-ntm ) . 'F l , kt. 1 lut r I, o~f elt, ('111 .Ill h1 )l'll11L] IllI+vll vvl-i' Ill•1 1) m it,(:1•l o~f the l),tpl l-

IN ,. . , ': l i l m ~ l t h .! w \ l 1 0n t1 ! 1 1 , t l uw s . i l l i n et ) I ' l hi n t i s 1 1 l s t 'd , .: i t i ( i l l r- I l • l' l t '1 t ,~ l wi .s o ) f t h e r 't tc t i v e t l s i lg n l .
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OMNI R ANGE AND DME 2-4') cour.e indicautor anl the I])-25-) radio Inag-

EQUIPMENT Jetic. iii(licato', is the more nimrderi instrument.
It a1.•so doe)vcs notl inlluitt distance from DMF a sLa-

('hlil)Il'1 1! ] CtOVVI-S' the ()llll %il'l "O~t MIld P) P"[]. t 10nS.

g•'•l•Il '(|li~ lH'lf :111d ]I(m,\ to 11se. theill il1 Ilili•Z l. 0() 1iJi r cl'v,( e rsl l cu .'-l' 1' 0 NH ill pl-lodlctholl ay-e

AtI Jhi. .l o . eio .,liund k \l'vi nt air- prloprly tcalled VI[F \' iglatinoi receivers because

)Ifflt' N1111 Plulent is varr led ill Yoir acrc|'afJ foi,. they are Inlllti-)nil)(o.e Ie'eiver4 d.esigned to e.-
I I s of ()0I I I1n1d I ).NIE. an.dlIhlow to operate it. c.eive other signals ill adhlition} h) those of tihe ore1-___
Thlis i) part of the 'okpit check-out and ground- iii-aiwge itself, inlcudin g VAIR ranges and II,S

,'ch,}l trl,:ililg whici prec('ede., thl(- I:r' of the In- .' . 'I'lhe receive f'eqliellies from 100 to
.. llll 'll , Ill-e ill which N)oil ellgage ill iiislirl- 1;36 Ill(_-

it',lt fliglht I)JUCtice.
"I'he AN '/AlN-30 Vh1F navigational receiver DISTANCE MEASURING

povi(d., li,,mited V\()1 (oliIJi,.aIlg.) IY,)i,, EQUIPMENT (DME)
:Illo i. oftInl foundl il olde r o l t illilli :1ir'1r1 ,ft.
It i- ii(it designed to imiihicate distance fronm I )MI: 'Ihe I)MIP: olernites oni tile princiiple of IFF
station, ''l', AIRN-14 reeCi C ,I. usiiig the ID1- with tlie positiion of the airborine and gnround com-

Fig u r e 7-13. Direction-
finder group AN/ARA-
25

i. mi-,tronlc cma)l a[rui lfiJ(lir

2• Aillpl l,~e Illoilllltill.g

3.. Altelia'Stulilv 0
S-I. ,S• cittllt relay

./.
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('Frlijioolut'il) tvcceives tlwce piulsts and0 flthl ICV- 'I'le oldier D.)MF. gea.!il1 liowbilig phlasedl out oI
- ttismimits tliuto hick to iliv iticirift Omc I d lf- sivc.whlieii to-d Nwith VO1Z, proN~iutcs the III)-

litIw~4IrIti the titlie (dI'ivi htlitti boivteil t t ti i- IlII( ijelit jiti oif presenit-day civil antid Some1 111110

Ihlute t sligiiul andO flit,~oc - vol~vI siglial anid conl- t:ilr ijictiaft.Ilwvt, tilie CO~lulitod4 VO1Z-
vvrtý tflit, liise itne diflkllteithii Into liiititic-l DM )il."v-tti for t CulhInilal reasons, canitiot he w-eýd
11il~ '11e IliiltogeM 1iifot-iliaitiil IS l)ITeeI~te(l( Oil it 5e:l III cmtiel aircraft Opteraltions. "Moreovei-,
:1 d.Ial similar~ to thamt usdIlol al iitoiliobile speedl- hiIect t jotial inl formtat loll provided lbv Lacati is iloiV

iii itS. ;oii1iv tc lmit 1that ptovidedbl lp \liLo, )

1,lei IlI IlIv: I~ liv h-ef vIl i s -,l alit ntIi Ivaiae.* vlt I tv- li t- de ce of :Lccu itc N ticeeded t o I I , forwv. (-
IIme el tIeIIItceie I*t\v lIs tI11: Vai I :11la p e istt 11Tvi-cetswjthiiiiito itfac ii:1 Ill-

;w~ialhorzoltal1111va'k.iý ot lloe Hm fiti 1 1ligio :1 )utrii54 'filttvc with t IflisO to ittft(ilcl in-

ill~ I-Ililtill I er l ih it v l O tH i; t iý Il 10 1 1iý ow (1m .t l-- l e a l i h 1:v l:I'

theV \Ii'lill it f t110 Stitii :111d ;It high11 11ltittoleIls, 41 uqiifitIg sv~ttiilusbe l catliilt~.ow.k
I f 11 Is fouttit IesitIabie ill tile tolitle, ;I iuilipullelit tT(imis it bec(amel nplpial-lit ti lt LFacati wit" the lostl

-~i'h'I lia.% lie, itohiileil Ili ill(, ailjiiirliv coiulliolt- ilaigi'at jotial svstvlii ill exiotelice. for 1iiihitai-N air-
viit tio colivvi't this shlit lijilellav to horiizonital ,It;ft, Moreih('r. ait exp)illtIttgII Civil aviaition III

flt- I nielstates, totle it ol~ioilii flutI a voihluiliol

ý,Avl t as ii 5 ictidtiil, It \\.:s seett thlat all. litiiccejpt -

VORTAC, A COMMON SYSTEM

vt'IillIutnl) to) IISe it, Is ttIlg I)IIIISed liot Of SClIAii'P
:1ii liv P,6 \viuI ll livtlit ively Ii])laced~. Ill its stead 1-

'Ill ho used( a sX'Stvili of lilt- tutivigatioti Calld
'S. Viitic. it cliitc-IudvC4 conditinued and1( expaiude

toeý of I lie otluhlI~l-auge 1 V( M) itziluititl nitviputioll

-\Stvtil wcit h it., voce ltd II .S local ize'i feat inrs - m Q
I intotiitiiI witil \OP. Ittiiilo flue Vorttick SN'stv(l LO
\%ill be it It\% )\tF, whilch is compjatible with

I~iiii h~t is'Lcat 1)I~.Tattiis an 11titia

iliv Ntvx vto md ohscibiluh iii (ltail lit lte hpi'tra-1
tgrinplis Of I his Il :ptel 'Ilivi Voitii. m'~steill lii
CIiiit'S ;I part of fltie titiottil lilt- liiivigittioti Comt-

iiloll. s',olt iti, otitillr aotircra t ',Il itoh equjit li eiv t

-fiui, i'lk irift. utziiiiiithu iiiforiiiatiloi i- proiuvo~ldt
exist inlgVi fac )I lit ics', whitle Iaciall 1 ) P. po-

ilit I ']*Iuditci tils with ro iutptt'liiisive alit 1 noil. -- III

SVl't lilt.j lll ia i it i l

I ti i lt cotit I iIiiig 1hlii4l1itll oif pitovidiuig Figure 7-14. Frequency selector
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0l1 "coffee grinder" type, turning to any frequency
between lo1-13(; 6 egacycles. You tune to the

4 station desired by "peaking" the signal received.
To turn the equipment on, yout turn the round
black knob at the lower left corner of the fre-
quency selector to the right arid then continue
right to increase tile volume. As i general rule,
,you have to listen to the range only when ident1i-

P.f)ving it on initial tuning and when listening tothe usual 15 and 45 minute past the hour weather
broadcast s.

Thie small switch in the center of the fre-
(quen(y selector is a two-position switch marked

1 01NI-VAR LOC. When using the Ominirange, put
"this switch on the left, or omm position. 'Fihe

%.right, v.,r nc, p osition is used whien the equip-
ment is tuned to receive either a VAIZ range or the
ILS localizer.

The deviation indicator (Fig. 7-15) is also re-
ferred to its the ILS Cross pointer, or the couse d(e-
viation indicator. You select the course line by

Figure 7-15. Deviation indicator choosing the desire-d course on the selector. Then
Fir von control the flight of the aircraft by observing

tile vertical needle of the course deviation indi-
cator. You use the same technique in guiding the
aircraft as yo01 do with the ILS loctalizer diuring

able situation on the airways could result as early an I1LS approach. You fly your right-left needle
as l959-whlen civil jet transport flights will oil the deviation indicator, for this needle alwaysbegii--if the military used one systein and the points toward the desired course line. If the air-

-Ii nes nuI"ld privte pilots another. The common craft is off course to the right, the needle points
st elm is Vort ac, which fulfills military require- to the left, indicating that the desired course line
nelits :;d is cmpatible %, ,hl the existing VORZ Or rdial is located to thewleft of the aircraft. You

facilities which will ationtinhue to serve Civil know, then, thi t the aircraft should be maneu-
aviation i veted to tie lefti to get Oti tiae desired courab.-

If you are familiar with loealizer flying, you

AN/ARN-30 RECEIVER will remember thea when an aircraft flies t t reverse
hefming on, h t lo.alizer, the deviation indicator

The ,\iIN-;1o recei'ver Olperates by II)PISO'ilig sensing is reverýýed. P'ii.y i! not Otte-ca.Ar, ;?i omni-
the eheActri-('II phase relationship of two signals re- rilnget flying. When you complete your p~rocedure
ceived fromn the trawsmittingz rang~e statioul. It turn and reverse your selected course its described.
p~rc.,vitnt Ilw information to thte pilot Iin the fo'ni not only does tile Selec'tor tell youl the colm.se to tile
Of' V'istml in)dicaktiols of magznetic, bearings either stittion, but it likewise reverses the deviation indi-

to or from the range station. The receiver has cator readings so Nthat the following-the-needle
hIell dlesiguned so that lniy mnalfminctioii will corn- tylpe of sensing is still correct.

Iletely disrlipt the Cil'-cuit. Ill other word., it 'Thle beariing selected may be it reciprocal. I i
wNks co01 ct, A-114 not it : ll. F:attltV Oi.-ation is thit case, the sensing of the deviation indicator-
iiiI('•tt.d to the pilot by a "llig" 1almi, Oim his cross mueedl, will lw heversed. To prexeuit this, alw\rvs
il Int ed imdulicator. COlI•+ide youlr cOllr',ore of action with reference to

-- __ 'liThe Fre'hquenicv Selector ( F iL. 7-14) is of the tihe station and observe the following riule.". If you

7-13

'ý _ ,i- I 1' % A. i k ý ,:.



ALL-WEATHER FLIGHT MANUAL
NAVAER 00-80T--60

Statioll pitssige it tile VOl systeiln is recog-
nized by- the mnovement of the T-o-FRo.t iiitlicittor.
On plssa!ge over tile station, the indicator moves
front rO to FROM, and you then read the course
selector as "315" 1"lROf ('orpus Christi", whiclh

A111. iS all accurate description of your angular p0osi-

tion with respect to the Corpus (Christi station.

IContinuing northwet front Corpus Christi onl the
course line 3150, you may wish to execute a pro-
cedure turn and return to Corlpus Christi along

I-- 'COthe same course. At an appropriate distance out
on the 315' cvlise, you execute your procedure
turn, and somewher-e during tie last half of this

turn. von rotate the course selector 180° to imdi-18 X 11cate 135'. At the same time, an internal switch• in the instruinent switches the '1-FRo.Ii i icat'

so that it points To. You then read our oliini-

Ž2 bearing selector as magnetic 135? to the station.

AN ARN-14 RECEIVER
Figure 7-16. Course selector lWith the AN.'/AIN-14 VOUt receiving set, a

coitrol box and two instrunents, the Course Indi-
cator (Il)-249) and the Radio Magnetic Indicator
(RMI), arc available to the pilot for flying VOR.
(See Figuie 7-17). The control box consists of

;Ilrocl,'ding to tile .•t'ittio oil it selected bear'- It 'IoN?:-rIIASF switch, two frequency selector
i~i. tieta ,-rFitNft inialicator shtould be in tile to post- knobs, a frequency window. and a vohlme control.
titm. If it is not, rotate coulse selector 1st1. If ]iv rotating the outer frequency knob, you select
"'itt are 1)ro,:eet ding fromn tile statiom, tile Ti -Fl.•M the frequency in tenths of megacycles. The

ili'lcator should to e in thie ViE-'t lo.-ititl TN-111 I ASE switch serves as an ON -OFFr switch ald
You can select any course front 1. 60° by allows reception of phiase-tyl)e IfIS facilities or1

to inii ig tile li to1' o thle lower righlt hand cornjer tone-type I1,n an1t( V A. facilities.
of the to'm,-se selector ( F'ig. 7-16). Tie 'Io--roM The r'adio n tiagnetie indicator (RIM I) (II)-
illtlict: kit' astints11 winhdow on tilt, face of the ill- 25(0) consists of a 'Votating compass card actuated
slt'llit;elit) hsitVws whet her the oiinli-bearintg se- by the MA-1 corilpttss an1d two pointers sitniilar
]titeid le;ils 'rti tl stilt, M,10io \1 or 1tiiv 1--FRM tfie Stal- to tilte pointer on tlw cn-eotionti ml I ,P MI ind1iwi
t )t. Fair exatlllple, if Vtt wPere sowhtheast. of .otipiis. ilindicator. The ma/mglie~tic heladintg of the
(orplus ( hiisti. and wished to Ily 'I) tile ('cous'o aircraft is silowit tinder the headig Igtllrow lit the
lie, to (ortpiis ( hristi, Volt woild set tipi 315 oil top of tile ifit.truntenlt, and the I0MI is used ill tlte
Yo0lt, ctl.e selector; that is, ou ' would Set tip it ilistrulment cros,-cl'ek in place (of tlie gyro head-
c'otlst' la;ining itwty front \oi at tilt it1gle of 31-5- ing inidicator'. Tite double-hiarred V(lt pointer
Ilto 1,issitig lizoi(tly mor (Ulpti, (1hoisti. T'[le performs the s;:nt, ftinct on its the radio t'Oithlisi

"to -ltM•, iitdi,'atoi at tilt' t(p of thle course .t'le lttot polter. lBectiuse of thin directional quahitit's of
\\- ,iuttiil theiln Itove lip t(] point to the word ro,, tht,' mist rtlltlelt. lihe nltgl.?•tic 1etiiting to the VO(l
ithi'dtt illt that tile iitst ltillelit shotuld lie 'elltl, station is sieowvi ulldelr tile poiliter. The spare
"- llt'y'rl 31. " yo lit' stit ion,'" If von ('olitilita' to fly needle iiiiiy b coitllnecteil to the .oliventiotllt

on, Ilk, ht'e ii't'd (oullr'e, tile airtl'lift will p)tis over ],1" MI''NIF tadliui ( omli 0' lt 'id ill (l IItlltt'iOll

t lie stit ion. with at dnul 0] t)ill i -eei't'vl' itltSiilI]it ion.
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I']lis is tile installation assiuxied to be stand- ']The collmt iiidic;ittox (II)--249) istrll nlculllt.

aid ini this itiiaiiuil. I lowever, some naval airra ft consists of a bearing selector knob, it bearing win-
have the ]ZMI inst allation connt•'ted sonmewhat dow, and at '-r'o•Rom w indowv, a bearing deviation
diflerenltly. h'ley have the V(}R oin the single needle (vertical needle), a glide path needle (hfot-

o1' •Pa!re needle Nvhich is usually red colored, anld zontal needle), and a gvrosyn-compass actuated
have the double (usuially greeln colored) needle headilyi poiiter. The bearing-selector kniob per-
clmnected to the .kRA-'25 IJTIIF DI) or to the nits selection of a desired bearing, and this is

I.F .k])F (A.RN-xJ or A RN-7). Others which displayed in the bearing window. The o-r-itw.i
have no Omni equipment linve the ADF on the indicator indicates whether the bearing selected
double needle and the Afh X-25 on the single will take the aircraft T'o or FIROit the station. A
ineedfle. You noist find out what the installation deiatiox indicator, or Iocalizer needle, shows the

i; on von r a ircraft. At le ast, if thle aircraft has the position of the aircrraft in relation to the desired

ID-249 course indicator, voi lxxay assume Oxiini bearing. The glide path needle is used when fly-
is oil oiie of the RMII needles. probably with the ing an instrument landing system. The heading

st i~da arati.getl ixiexi •.,l t, thiat Is, oil the double or pointer and scale shIow thle he:tding of the aircraft
green needle. relative to the selected bearing. When the head-

-'II

HEAD

DOUBLE BARRED COUR$ SELECTOR MARKER
(NO. WINDOW N

"IGHTI- '//

* ~~TO-FROM __

SPARE ADI WINPOW IN
,4NEEDLE (NO I) DGLIDE •

FLAG ALARM J1 SLOPE

/ NEEDLE
.', ~COURS•E SELECTOR VER!TICAL, OR

-: "KNOB DEVIATION
"AIL NEEDLE

RMI RADIO MAGNETIC INDICATOR lID 2501 I D 249 COURSE INDICATOR

" .. .~.Figure 7-17. AN ARN-14 instruments
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ii lg pol linter is Ceit'ered. I lie heaid Ing of the aircraft
is the s•ame as the bearing shown in the bearing
window. If the pointer is deflected to the left or
right. the amilcraft's heading is also to the left- or
right tilie niiurithert of degrees iniidicatecI oil the
p)ointerl scale.

Operation of the VOR equip)ment is simple.
'lu'ni the set on and rotate the outerl and inner
knobs of the frequency selector until the frequency -

Youll wait is shown in the frequency window. Set - -

tIhe, rN E..1 I .N SW itch iii the To.'.; F p osit ton except
fil-r rec(ption of plhiae-type ILS localizers.

After you tune in the (lesired VOR station, - - -

the closest imagnetic bearing to the station shows
uinler the head of the double-barred pointer on
the RMI. The closest magnetic bearing from the
station shows under the t iil of this pointer. If
'ouil aint to proceed directly to the station, YoU
niiuke a turni towirtl the double-barired pointer. As Figure 7-18. Airborne loran indicator

the uji-ci ;tft It,t, is, ,ow,o (ihe cuitilms.; eard] mid the

%poiliteh will rotate toward the ltdheling alrrow at
Ithle top1 of tlhe inlstr'umnert. If tile I31I is inpr1

is noperal-
tire, N"oll C(it obtain thL closest bearing "ro or nmo'mt plointer will be on tile tail position mnid you niustthe station rN lotating the bearing selector knob uiike correctiut.• u wa, fi'<ii the needle. This -station corcinI)tiyfo h letiVViuntil t1 e devi'ttion needle localizer needle) cen- l)roce(lure is unndesiriable and should not be used.
ters. Whlien tile nee(dle centers, if the indication in Simply reset the bearing indicator to this recipro-
tie, 'r,-l'to( window is "not tihe one desired, ro- ('a], aid, as yonu do so, the 'N-'iio~m ii,,licator will
tite the hIearing selector 1800. chiluige apl)ropiiately.

O(ver.e .rtation, there is a cone of confusion To eliminate con fusion. tile p)osition of an
s11111hu:I' to the cone of si enice over the ralio lange I iri'aft if referred to as oin a crt1aiiibe Illhiig either
staition. Th'liis colne of confusion it highi altite(l('s T'o Or RtOM't the station. Thus, for eXIIIII)le, the
luinn be wide etnough to require 2 niilnutes for lit 13:7" l)eal'ilg is the vourse> tite wv'hich extenlds
.ilc'rulft to pass thlrough it. I'lhen th1e' ai icraft southeiast it 137' liaignetic. A pilot on this beatr-

-- sover' t hu shttloll The v'u"-1'tom iiinlicmitot' itig inbound re~fers~ to his position iat 31V` 'ro the
chllanges to ri<om. mill1 the double-baired lM0I st atiotn, while ie pilot on the slme bearing out-
ineedIle mi oves to the toail po[iitioni. At high ilti- bound refers to his position us 3 1 7c .mot the
tittles these ihl(liat oitioin y Ilkvtlige se'etril tilni(' stiition. This tnieiiiIS that when'll oil ile not ii-
before stmibilizi hg. Nlhetu the •i-o-i'I.OM indicntor reetlv ov'el' tile stiltion, '-oil simply ri'iid positions
"('lIt lges, the Sensing of thlie reeeivei' is aulltoml'at- oil the Course Indicittor.
-i'ully chiminugeI arid coljliect oll" to Iregilili the You (.i;Ii L'ef voic'e i'('etelti11i O il aI" clininuel
..esired bertuing ie still made towatrd the devia- betweenu 106135 nut by' tuilnig to the desi'ed fre-

ill?•,.•tion ni +dhe. If v'oil desire to tri'ttk ii~ity fr'oml quencY'). IVhelm fr'equencies aihove i18lt(' ;irv'

still on 1tile hemrile ued inc oIr'g, thh head irl tlili, with it rliatgs ofirnI. chue onlyl iiltohi ill-
- ~ ~~inslltrumient Suiting or prlocedurtl. 1, I lie('e"-:1l'. S.t Iluiill eli iit I-! l h Il view, blllt volv(e C'on llii(ii itio)li

Z~v,'heli yo~ll ",vltlit ,I ditelit i viti~lt g b ill- g a ti N froiln i-4liol-1ntii].

the ýutil lol, Illi.•kv It tillIli to that I)t;Itl'ilig 11niilw lh- Wt hlell tunedI it) tIit ]I'S or. V A IR slintioli. tile
1tviN'.i ItII(I .'et' tiltw belu'i-ll! iiill lev tiem iiig inlih til r. '(-rt .lO.IJ W\imldow relmn s Mimi c, ;md~k ll( tile doulebh-

lVhlen Noill fi t , eN i l'(ecilpructil of tilt, be'll'iIng b ri-ree p~ointer oif the Iill (le.s hýOl oplel'ate, It
.(2-."•, Shown oi l thv b~eml'ig indicntor, the hie'tmiiII IItltl, l with h, t ,1 1ico liltms ,itlrd. "'}ielle lllv 11lichmioils •
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of 1..:i hllitfrt h)li 11, t-jiilj)jIIqIt ar: the following: btit it, has been found equally well-adapted to
.1. Ihe all Iaiii lag of the deviat iol nieedle does t I'llnS--OLTQiC aI IV I1' Iigation. Technically, Loran

not disa1)ear, is classified as a hyperbolic navigation system.
2. T'he ahlr a i cann oot he heard or is All hyperbolic navigation systems are based on

-. 'rttic. the reception of synchronized radio signals of

3. 'lie dotuble-barred pointer of the 11M1 knowNx velocity from different p oints.
c.iiCles aiulilessl', . lorai transmitting stations operate in pairs.

MIarginal operation is indicated by fluctuation One station is known as the "master" and the other
of thIe (hx viation-Ilcedle alarm flag. If this is due station is known as the 'slave." Master and slave

to weak signal strenrtlh, it should improve as stations are located at opposite ends of a base line
11 gilt i(-,l t'jniut-d tow:iid the st attion. from 100 to 600 miles long. Both master and slave

]I ,-tin0( r 'y, the deviation indicator provides stations transmit pulses at the same rate, but since
a1 precise met hod of fl'i nug a selected course, while the uiaster pulse mnust be received by the slave
the RMI provides continuous AI)F style orienta- stntion before the slave pulse can be transmitted,

lion pihis a si muple me:ans of displaying heading the mister pulse always leads the corresponding
iii foo..•tio. t!)11e p)ilot. Al:ve pulse regardless of where the two are

received.

LORAN Airborne Equipment

loanl is a l,( )0g ltAnge Navigation system Airborne l~oran equipment consists of a Loran
whic.h was dhvelolid primarily for mnaritinie use, ra'ldio receiver, an electronic tinie-measuring unit

V - 0� 0 0 o o o o
X0 0 0 0 0 0 00

~ o/ 'oo0 0 (D V (V-Q*4 N ctj NY N CV
0 0 . 4 %

.10
0 0

MASTER SLAVE
"UIL-4200 - 4 ILI- 1000

S~//

"Figure 7-19. Loran lines of equal time difference from a single transmitting pair
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kiioWn :is the Loran indicator, and I.oran charts Determination of Line of Position (LOP)
anl thlilies. The receiver is a: lter (rd l.5s dre radiiated ill ll directioins from the
ceiver in which Lorin signals are detected, anipli- r~tn.iiitting at u nd travel aq proxiniately
fied, and then pas.sed to the ILoran indicator. The Is I miles per secon(d. The pulses from a given
_I oiill iIndicatori Is in electron ic stop watch which pall. of statiolin ar ' synchrionlizd to allow a deli-
Ii-ll slrel. tile lip (iffereince, in millionths of sec- a 1e titet di Ileirti co ill their arrival lit an1iy geo-
onids, in the arrival of at pair of pulseý. (Fig. 7- .Il'ilphicai point. This timne difference of arurival
lb.) Th ].:iichairt or tnables are liecessarv fori is leasuredii ic;'o-Svcldsl. (nl'illiothS) of a see-
uitilization of the equipment, shice only by their .nd) and is constant foi ill
uIse llnii tile. tilne difference be tr'ans€lated into a -ufc hose dlifference of distanice front the two

line of position. The lines of position for each stations is the same. '[ibe mivigator measures the
pairi of st:tiols aire printed ill ai particular color tinlo- ditl'eretie in tie arrival of a pair of iio-
oll Loran ('hiits and are h clearly ntiatked for easy pulses at Ihis position. Froiii :a I.ormi chart lie
identification. determines his Iliie of position on1 L:t earth's bur-

1..loiii stations do not transmit. identifying face withoul calculation. The intersection of two
lettet,. iiia11her, or audio si,.1nals. Stat ion p)a11S ark, such lines deteriiines it Loran fix I Fig. 7-20).
identilied by a comibination of radio frequency and
pulse repetition rate (PRR). Frequencies be- Homing

tween 1700 and 2000 kilocycles are used. Loran Lo-an sigtials llinny be used for honling pur-
charts have been niide with lines coninecting the ]pose,. Thi recei ver niilY be ple-set for a stat ion
points of equal absolute time differences (1a series fpail tl raliSllltillttg It Iine of position which las;e
of h]'Nperbolas). (See Figure 7-19.) tIrotoiigh a eired objectiv'e. h ill7 whiti1

BAS E LIN E EXT ENSION\ V

O4000

0 0 0 " 0 0

00 0 0", to 0 000

0 0 ay 0 e%

.:,• WIEtN TUNED TO STATION PAIR III. NAVIGATOR SECURES A TI•IBt.DIFERENC( WEASuRENENT OF 3700
,-.; MICROSEC0HOS. H([IERRING THI~I DATA TO THE LORAN CHART. POSITION IS SOuIEIfHtRE ON NUJMAEREO

( L INE IL1-3700. (LiNE! ,H•H~l ST IN:.RPOLATION IN THIS EXAAHL[E) SWITCHING TO STATION
•-.-'-PAIR ILO. NAVIGATOR OBTAINS 1NdE-OIIFFEREHCE NIEASUR[ENEHT OF 2900 HICTOSECOHqOS, CORRES-
. • eCOINDIG 10 A POSITION ,SONEW'IIERE ON NUHBERCO LINE iL~o2900. INTERSECTION OF LINES ILl-
j• ~3700 AND tLO-2g00 INII~CATES POSiTION OF AIRC.RAFT. (LIWES OF POSITION FORl OIIFtIHENT

STATiON PAIRS ARE SHOWN iN DIFFERENT C•OLORS ON1 ACTUAL LORAN CHARTS FOR GREATER CLARITY.)

.• Figure 7-20, Determination of a loran fix
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"MASTER
CC,

~0

0o 0

SLAVE[ ,ISLAND

r) 10,- DESTINATION

Figure 7-21. Loran homing procedure

will intercept this line i: taken up. WNVhen the
.i•"ir-ed li;lses are nmatched oi the rceiver ,..pe,

the aii rlraft is oil selected line. 'Ilhe selected 1ine , -
of lHsitliuu is the, followed to Ih le objective. Se.
Fi,,t 'e 7-21.) I '.:

Signal ReceptionI

'Phe received punikes are typical foriin of
giound ((irect) waves. IIlowever, over long dis-
tlances, especi:lly at. inight, the fete;Ved pulses raty i.
be sky (reflected) wave,. ],i,-an stations have a .. .

dy ie e of oxintely 700 - --tical.. .---
miles over water (preomil 1it lV grmnd waves). ......
.\t night, reilected sky waves increase the range.
of Ima A irialislnit tens to Mout- 14)0 nautical miles.
The refraction of these waves, however, decreases
tie relillbility of the signals slightly for navi- V
galtiollal iurposlcs. ... I....

A'hcliii iiatching rlAlii silullals, care numst . I
titken t ht! oil v like waves ale mtatched. The .............

citi•'il area is i zorii alplproxiinatelv 500 to 70t) i .

liiiles foi,, vitihic, Stition. W ithi,, 5(• nihles of . 1,
eithelr statlmi , it is fairly certain that. the lirst -

siz al tIt falls on the -'4.4 e is ;I groiiid wave.
When over 7(0) inilh- froi either btition, tile .first
signial is, enerally ii ski" w'ave. WVithin the 5001 to Figure 7-22. Tacan system simplified block

4,Ti mile 1111 , either type of wave may he the diagram
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ITATIaN

TACAN INOCArlij SIARNOI O#AY

EM TACAN INDIC-AThI 0ISTAMII1 ON&Y

~~ TACAN INDICAMf MARINO AND bISTANCII

Figure 7-23. Limits of Tacan reception

iiI-st to fill] Wi1 111k.oo :II, llk tIed.S extlivie crtlL Theory of Tocan

:1 cii skY wk:iyi with :I lirt skY wave. I lowv- iminblei of radiials. The'se ailV p)ic~kedIII and11(

sit )oil, iblte t.Inn hy 1w avoided. a '')i 11 .Ii the patiell its thet I-it'litve Iiilil.'ltit bearng'i froiii

poinkil *~tI'oi ti'iili tix 1, il:sI-Ight. tt'v altliriil't to the station. Meiiiiwlile, the :III-

TACAN, AN*-ARN--21 \lj1 Silvt 'tkbtesito.Tear
71 Taft. eCtlitipilivllt. hiltil:l~ttei 11(1w long it took the~
'l;wiliii, 1Rltij) Se't AN . ~'.\IN2l, wa~ls k'~- siglilll to niake tole ttr:1. and1( from thait ctlpltijtlLs

vo.lopt'il i~v thet NavyN Its it IliOvigri.~tilii (levice to 1 iii(~hlc'e 0 ilt 111tikIl Ijitj('S:iool fiwsthi Iofro

- lthel't uIllox-abi'lee,.ýv jus~t n ( )tooi /1)M does front ( Se Figure~ 7-21.)
* ~ ~ i ýIt w Stiote. t Ion. It has1 it Igi 'g lL of act-iiiiLIv, lio '7-2tS lw I 'le lltital oll oif l~I

pbIIS oi- 11*11: ik$ feet phis 0.2, of the dicaiite Z-igrlit, Or (-o) w~ith'1n 11,161 11:nt icall litfles of the i llst-

* t'lliluli t'iit thu es. if f ail hll S de Illli~ll ii SX al till stouititiii.(lot th zl le 1111 hiel llg w iit' h oe*e ll ;tit't'

ui-fC. I 3,1g ~ tsa in fr~lO l'l \tll 12,111t;- feti let fr.l A T hi e 4tatlol l.t P 'l's fill dilst
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,,? I. \\ i f 11111 1 w (it, \.n, r . . 'I'ller , Iý If , f e d t) listeu l''-
I", t lwar I 1I,fll I ;i t;1 IIII bi ll the l n•l~lnc w•:ldln• is l f stnill 1, )' I• t .,'I';wIc' i st ilt im l,lq l 'il ht I- I tafter'tilililllZ

li'c'urnte0. 'HISh Is• .'dmwl' bv a. i lI.i dropplild, V'I,r III n tlitio i Illid ever" flow allil then \\-)file tlIvII
hel 'l( , lea ill--, Ill il~l(I,';1tv , the Illit'"" ll'il•'Y'. mli 1ti:o 1 skitl ml h i.v,11 ..1h(m l i .'hll t.- (1 t ht . ,I , k'e

hthelitit-jhj(t jtf the st itoll o\tti t i:t t htearkd e•.eiv
LUse of Tacan itli itle.

'I'im' : tlmmm'llt-te m mtililmitmiit titt k'kCti. f :1 trtml!li- l'h u \iillis .'-,m littl dt(i sil•S d• Iwo itnl tlvlu-

illi it ' '.t''i.nt tem: Vii l •, '(tltu itr l tim llem, i t I-:l111- ilttl iv tit:t its l•t.1em fi t)for iitIIIIultll, . 'rl/e

*'" ittdi ':l'it t aiil a ll( itlo e foritl of Imeail'ig ofr azilhinith leariullz idlimit lltils frnom ''aclltm ire pre•'.ented in
Inditlitmor. 'lYiw eilipilhnelit mmhum'iites mmi WIV (if 121m the sli St' liii tri. Th'li l beliing 5 i t Amt\wl eitier I•y

chI ,'i:tiiiI'-. "Ill mllblt:tm' it, 11t 1 lim mmmtl t tm l :in .\zIItmittht tmlmit::mi -l t .\1 I. . himblit itl

l,:ti I -wi , lth fi' ll .v- tm ia:c Ir S e Fi\I). (Se' '1-ii 2,'.7- 5- mint. lith,' RB I 1, 11) 2.)0 1. 'I'lle 11)
7 21, Smv.l't m v, m \mb h imi, l 1itt9h hI ii,,it hii< 2-t!i ( stii.I' littl )], t I \' mtit ,, imt v liil apt theal. it It

I Ik. I, \\tw ,,tl,. tI i lt m i ,I w I , t, I I.hbi u1i II ll.III , rIm I - lhe t I 'l -,'-ta i I -iI m't1 i.t.I A mmii letI I mi m I tZm\ it I'eS.Is

,i r -m ml \ i mt.tlh, bim,, V,, i u- l m let I'I'r, ,,e I r; le t l':tismmh I) tItVI uI ImmI Ii tIIk tIhA' i, l I I I IhII

t•, >v t imbit,.,, t , m'mlblmil Ihimi,•11"• tut" .k l)qi tit' ' "tm•im". il Itl m ndlm" t i iti ll/it th i e' m Ithr ,tpe sidf 1' D rm .
ItO \ i l . it mli, jm tint , n ibm,,i' \t't i'Il-ilmml. i miuii ,im'ill 'le/blem/i.

:I 1\:ill -till. 1til ltiiitIw l " illd W'l lI'w ne,4 Ie •iv \1 rll , i ltit C. ThV 1 J' I )V'Ii tlll'i • .--IONVll tl)" th 11V l I IV ~~s nm ;f/-

1\1•' t,:r i,-i• Ih• i I h, v c I tvýw I eI s ( t iv\N I I the II it

Imim ,i lmi•h't mit-r'. t' rt ,oi i m' \ r . 1 . ]listatt1m inttlict imi (117i-. 7-'26)
1k. I I 1 :1, ge I' olit I lie aIIl-

( ai'il - It:i I :ttit mI tmll . tilrit ile -m ;1,l1 tin1'1l'l 'T:i ft tm) theliSi Himil is h-11mm i ii 1:ititic l it I I s. A .4

. 'iti-itit I tI i't ) 'tittiil \\:lit albou t 9i) setililds fut Votl fly liey w i to ml" filutfier fr'omi the stilitoll, tiLketI~ dlit i la w,' cl~ill iwii ,ll it) .%I lilt! ,el,, luilt r~itv ;I., ,urVi,. ll,• ,il l ilt' ,,10L I,, ii r ()I o<ur cail".
(if miit i V ; , t'he i bl.mt lrum 1mlm tile tiit . e s.cale teiteidtii let vi' ilit, 11i 4 let the m ItemItmt ile minii' ii ut ear.

I X il tiM int I liit iti'Iie I liit e li t Itti';( intl ict ' lll ilIe (till llV it l -th m tiltlit fait is that this i. t Sl tw laingeit,

Figure 7-24. Tacan
control box

'A4
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h'vidcr call 'CId off hi-', ;Iihilode ntl d 1ill'e l)v
'liT'acii as they go. Each following a i-Cea ft c(.:
know when he ik following too I'lise or lhigril
-"il Indliti, aml ninttaill hi., azsigi, d interval. 'I'hus

-. •] ¢..C lli., ls i, I ll' :l\'tn;d•d withl, it ehlborn~':te hetdowi

lttteriO. IhIohlinlg is Vi,-ily cstitblislad Oil any
irjill. TIle statioll or ship ogl. a betiiinig to
the st athio for holding., assigns in alt itiode, lig.1ht,

oc left turns, and i distaullce for the turns. I.
boll id. tli N on that healilng mlthollild ly the Ir-
cilproc'1l helading.

Ci(a rier aiircr~aft can take-otl and clinib out

oI till assiglled radial (beiltlIlig froo, tilth ship) to

lil e-talthisIe( distimi, mid alt itule. ())n reach-
ilg this plloit, the leaderi cnl slow %tdown mid await
tile others as they UoIltilnlle oIl tll.heaiig.

mAdd it ilal uistes Itil IlloteTdIIFQS will plrob:lbI%
"Iw developed :k, thie potentiditties of tho elui.ll

Figure 7-25. Azimuth indicator ID-307, ARN Inlilt fiib exilnrel. (See 1ottl, 1. 7-12.

Limitations of Tacan
T,ike ()niii -,I d-other- VI I F,,'17|1 F raidio equiI - •

distilll'e. which i, hot (g'etly dilftervilt front I ,t, I l"call is IIhllited to liIe of sight. If N 11
glorl~llu l di~tllll4' (xt'9It aiS \',ou gZt, (l 'hst, enl rhgl II sola tlloilltmil 1 ortheil 0st ili'tio, lies betwecen
Ito thle s~itht 1)11 that %' ' n~tiruohe (.ill lllihS) he- vl 1c tIlhtie s.ittion. the inditiattors will indi .cate

C'MIt-, Il bol l t litif tile littili rltalge. I, See figure
7-27.) lit otheli woris, it 12,t)(000 feet flight alti-
tilde ol. hiwed Ilol '1 llsi (lel' the SlIt I'lIge vs.Sl'tl lll1(1 rill..; fliltor l U iti \oil livte 'itlhinll ibotilt

4 Ili k- Of .>IitloIll, As Vail eli'l'h iltlllblut 2 mhileS

flin tile, Sl:ttlo l :it 1lclltliltituole, tIe Ieiiill-lg Ilitlti
tllI tilt, "'Fttc'tll bet('IIIIo lli lt, ltil~l t r l lithl w il the bemrhing_,

S tllllti+. .• -volli -tl I'Ight oVi'l the ; Ilt0 i•,

lill" :lllge il ]il;Itol' wi ill Stll it be vilini g 2 nliles.

yol :lll It it il1lh. Ill S•tiolt, whl Iteve ' liTll' IS (lilusetI

Iv Nk:lll h i ll-t1ji n Ir i s i t.i- Il lt i llli i ti ltioli
Iti•,lz, N%. Iw h'l tiline it ("illills idtitt te ti o

I]: ni 2' l c:ýt' fl'o ll" t•, ti olt l. lit thii..4 ulttitude, it iý
I jlle.li.rIhh' fl'+i n11 ir ll %"iv itittoll pull'l es.t'.-

I-F ili ý%;tl Ii 11k. aid Of rIit'lili is to ill iiitellt:.
:i lId p lrp Im-ý, li t 11111lt ilS l l\ig w ith 0 111( i n. A n y -

11:1 iig y w> l ('.;I it l I i i ()liIlli Villi t'iilI lIIISi (1 vI t w ith

Iiit'rt lit I ft'\ lit'ill flight teC'llilI tiet,
,,-i~rh lit' IIcItri• 'II ei( operwl'l lig prltattive.

]"mH extil v1,h. iti f ol-llit ll+li of it Icill'ift ('lilt 11let dow\li

to l,' 0)1 ilt II i'hit''liiiiicill blillil'g. 'h'lit Figure 7-26. Range indicator ID-310 ARN
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N/A2 PLUS S2 EQUALS -/20 EQUALS 4.5 NAUTICAL MILES

\ A F UIS
\ NAUTICAL

MILES
12,000 meT

SLANT RANG@ (TACAN DISTANCE INDICATION)

TACAN STATION

GROUND

ACTUAL GROUND RANGE

5 EQUALS 4 NAUTICAL MILES

Figure 7-27. Slant range error is insignificant in distance calculations until altitude In miles is

equal to one-half of actual range (30ý-60'-90° triangle) where error begins to exceed 1/9

of slant range. Therefore, even at 50,000 feet, error is not over two miles until 18 miles or
less is shown on the range indicator. At that point, correct range is about 16 miles

ilnaccurateiei R("ilngs--the bceiring needle will ro- its you fly on toward oi away from) the station.
tate taimIh-I -. the distance indicator. will show a If you exceed the range (196 miles or line of
bll ,.ro(sz tiv 1uumiwal's, and the course indi(ator sight), ot which the distallce indicator will read,
(hI:a'alizer'), if instal led will show the f,' flag. the :anie bar obscures the mileage figures. In

h'l'ese indicatlios •n ,ay also be ca'used by cec- jolent jnina euvers when part of tile structure of
taili nualftulction.s. ,k)c'asiooally. a tlibe failure the aircraft cuts oil' s;gnals froin reaching the
o0 tli o r ouihit' 1•\V 'los tile indlicatori to be- ilu1teluua, the set holds the existing rea(ling for
coll]ie I)ol ionle',-s--I]*, Ili-elilh \roliI' c'lwll( when feln seconlds, and thleni indlicates inaccurate readings

the il'(1r: ,f t l i (leru i th ticl uistaluce won't c0 111g it.s p e'.eviotisly described,
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BASIC INSTRUMENT FLYING-CONVENTIONAL
AIRCRAFT

TIIIS cliapter deal with the basic procednues The only way to be sure of thI'; is to mnake i. thor-
andi 'rldrid eatlolls iof irnstr ulent fltyllg for ough instrument check before titke-ofl, following

prop I ir(I'aft. It does riot gi We you th01 specific the procedures specified in the hianldbook provided
plIoced(lires. for eicah type. It assumles it typ)ical with the ailpl]ane. III geeltern, hio'wever', here are
atssor'. telnt of ilstr'llielits rind pireents an(d ex- .0oIpe of the inn ipOints inS volved in the ihistru-
p)lins. teie typical p)rocedlures to be followed. To ment check.
appl]y t Ii ilifor(riltioI ili praci.tice, be sure to ,'Xctioln t-•lp.e (0a1 Invcrter). ('heck the
('oftlt thp opt-rating handbook for the plirticular source of nmotiviating power for the gyro instru-
airucraft yon fly aid follow the specif• l)rocedures ments to mnake sure the output is proper. If the
given thet'e, gyro,, are (driven by a vacuum systeuni, check the

s,,uc'tion gauge for the proper in(licritions of 3.75"
INSTRUMENT COCKPIT CHECK to 4.25". If the gyro., are electricall~y driven.

check the generator.s aind iniverters for proper
One basic iequirement for it successful iII- operationr.

st'rirumenit mission is the properOI' operation of nIl1 Air.y(peed Wtzdivaor,4(. 'The airspeed in(licator
the iristr'l'rierit flying mpripivlrlrrt iII thet air'e'i'aft. nieedle shiould indicite zero, ('heck the atirspeed
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cali ration card for .iivN' deviat ioi"s itt the speed ferent position is irequiired for the par-tiriilai :ir1

iange tInht %oi inteid to fly. craft). If the hlorizon bar erects quickly to the
IHeadiw Indirtotr. Ulniage the suction- horizoitit]l position illd| renia ins at the collert ]o-

drivein heading indicator before stariting tie ell- sition for the attitude of the aircraft, or if it begin;:
arts). Allow 5 lliiiintes after stalting ell- to vibrate after this attitude i-, rea('hte([ alld then

gine(s) for tile gy"ro rotor to ittaill its pri-oper slowly Stops vibi-athing altogethieri, the instrimiewt
.Ieed. 'T'lien cage tile gyro, and while uieaging is operating properly]. If the hoizon bar fails
it, sliniltaineously pill ow till(] turn the knob. If to ieilitlin ill tile hto'izolittll iposition whihle von lre
tle card continues to turn after the knob is pulled taxiing sti-aight. tile inst rumiient is u |i|elhable. If

oit, tile gyro is not operatilig i)roperly all( adhould tile hiorizon bar tips in excess of 50 dIriiing it taxi-
be rilplaced. If it is Op)eating properly. tile ill- tlr, til t1b lalced condition is iiidiiated .

gyro to a known heading while taxiing straight. pelhbblv caused by a low rotor speed or c.logged
RIecheek the accuracy of this heading just before e uection n kecmaiisn.
take--ft. If the erroi ij lirge, the iiwtrnient s . If voil hae allowed sidicienit tiue for gy ro
11ill el'(ia l eb . W ;1 l1111-11l). tile h O t izo lli illdic('a to r. sh o ul](I ]h a v e

I[ol','i:,,, l ,'cIti/fo . tncage the iuction- erected to i wings level attitude, and should iidi-
irenho tzl indicaitor before •ttal'ting tile. ell- cote tile nose attitude of the aii-craft on lhe

). After, star'tinig elgine(s) allow tile il- grouIId. Set tile Inilliatlire aircraft level with
....l llll lli ,llt ]i ' ,l tlll lllt es t o at t aill r (,t o r .s p e e d , T ~h e n i t h e 11W in a | 'k6 o i t ih e s id e o f t h e. c ais e . T h is

:idljlist the m1initure tl':lft SO that the bait-line should give al)ltroxiiliately tile level flight althi-
is bI Vey V'isilble Oil the snll' I)elVow niihes a Ilif- induh at norlltal crilising airsl)eed.

I=

'74

" wj. IM (4 Ni) "0/-Ill PRIMARY BANK Ill'M A R 9'11 14

Figure 6-1.I n s t r u-

ments used before
leaving ground on
instrument takeoff
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.1 ̀ ,11 '.,If ,. til t t til e ah-i t'tt- r t ,) t , e ,,till- t.1~ilft if Y tou cons•i r tile) •)rig i :lla n A tll <d t hIt fill-

3stillItter .•t'tthll h rhlaedl if tu Ieviatioy bi tIV t tlt 31 ' 110nl 1t.

lietk tio dt-ttin fet, if the aIltiml teter indictated -f the aBeforr ' atte iis :ieq iins.tru'nt 1 Ittv-ollt,I :altitth, of tle fiih' ' If |herr, is nl 'liffevl''e hv- an a ll ,t lltl ilt.k it tl i lik a t:t.pifitet
t\\ltlt'ilth' :tlual lield elevation and tile hlcit'ec- ill beh e tiaf lh lth book. .t.fter bte ig i fl • all for
tloin oil tlit, ;lth , l ,,tar, eitil r tilt, 'h h etki i t lilt' iltu, t:t lik ltt'iV. :tlol I 't'l l t tl' l t h e ei m , flli life

Ij. il t ot' 11111 tilt ' o tIhere i a call t' ti it-r r ill thlie i ofrtt-tll dt's to ill tilt)\\. it t k r-oI st nli t'lltt lt'. :I 5.l10'

met. If the+ error I., more thm 7.'5 feet, the it- ist liT v Ibefolre . to inlltaking .ur'e that tile

Itrullient shouldthie replact . If (lie detv iattion is nose I wheel or tail wheel is srtraiht. loc' k the tail
N lss than 7.5 feet, set tie altimeter V.t field tva- wheel if tle aircraft is si equippled, al t hohl tilt-

tiol :tHEd i1-tk tilt' N•iTffle 1Xt\V1l th towelF liwltlk lirnl.v ti p1revenlrt'creepling. ,"t't t tilt' lft-

altislit-t'el s ttingi anl d the ti<tt lilg ill the' Noit l.- ti i tl ('t'ielt hvadiltl2 inldicator i l) ttilt. 1-- i 'tar' ,
lllukl \miuidow. A.!pI)l? |hi.stigillrk lall .•tbd)•e(ttt, nt n~earem• the p)ublished runway3 head/ing, mid~ rtl.-

:1 Imt ,, I .W -St, tI I fS recei1ved, clieck to be su+'tre that it. is tmlCagetl. If you list-
T+,•+-H.II+,tt:],' / 41./:'110r. 'l' il Ilivt flit'- tile' d.he t,'i. hvld n,,t iu i11,litato. rotateh it 'o( that td wt

.r I ol•, tit(, r i lhud heft \NFih, taxiing alnld fro~t, hwadlig nevedle i.s under the ilidtx :1t tilt, *(Il of
"k~(lilt, r't;wt 'ionl of thw tillrn needlie. i t. indic'ations. thle inlstrumlenit.

are not positive, oh if tlht- ee8l3t, if lt kiid Adv'llive tit(l poweer to an I'll that will pro-
doe+ts ]lt<) r.0111r1 to the( 'eniter p~romptly wh-leat thet vide partial ruddel.' Control. Itlvaehat tile lrlles.,
tu nINI'I st oppe~'l,l the ins+trl'inclt is no•t ol~el'lktling 3t1111 a~lit-alic', the thl'ott~leks) siloothly to• take--ml

•'prope~trly". It' tilt, ill"lllllinelit Is Illoi~ llitetd Ill+ it lp<>vvr. D iii'im, the takie-olf" roll, ho•ld tilt, heitt-
s1Iv.-}•, l.:- t m+ t vnt(1 tpan i. you -;llt mnake, hi ."tll lt ,a e i g clift |'n tant ()If (he htiellil•in indlicator byi t- l+, ofI

•" t'~~cittctk wheItn] tilt, atirurtaft is nomt mov:•,ingt I)y Pl"I''s~i tif I'ddtr. If nietessalry', il'l 11111ti-eligrile lproptllt]hr-

W ~ill onc side o~f tile pastel andt thell rl'eastting/, it. rInVell aIir~craft, lis,e tile throttles to as.sist Inll 11t1ill-

Chec'tk tit(- ball to+ tie .urv t. it o<ves• fiv lt, tl '11tl t t ttailli~li tlil'-ect jol 1tl ('olltrol. TTse tile brakes• only
I",;t(.1V, Aildtl hat the| tiube is lilled with liquid~. :1.1' 1 la.•t reS01r| be+':tIISe 1)1':ling tUSIMt V ll t.. ].s ill

l'+rt].+l-.'/,ed 11a, rafi.+tr. lW ith tilt air.riaft over-controll||L| mill lenlgthlening tile ti kte-oll' roll.

(,It 1110 .,.rl'(Illllll. tilt' I+''l ledI ý,.hu 1td l in11lit'lite ZeI0. I f Y ou nllts( t'ollillel'atct alivy deviatioln ill headtll" ima-

it dloesr not, fl ] tapl tile puntlt]. If it does +]lot mcdiately to rutiturtt to tile desirie l hetnding.

re~tt~l'll lt< xtvr<o, :dliq.• it bY l~isil :1 S111111 AStre +\ lying Spe~ted Is app|roached adlju.st the n~ose

dlri\i'l~. tol t turn tilt- screw,\ ill the' lexvrh ft colli.rlt. of art|ttitud tol ninke tilt- de.',it'ed take-off ttttittidle.show

tll,' lI~i>,r'lIlw•+ t. WVhile t11:1lmigl thil, atdju:..lilvllt. oil tile horizon Ind~icattor. "-..'-+tablis], this atttittudet

i! +. ,U•'~g ;)1ly l~tp l l( th ne. +t l ito c 'l ovk tlit ,- m - mw-'l ' +y o f tilt, b >y " rn isin g thfe n o w,• o f tilt- a i ''rc ra ft (w ith tricycole
V ].c,+\ .t(ttilig. If ,ut' v l .tlt•+ot adijn-t tilt- •lvellt to. landling ea. ttr) oi. by alloltwing thle tail of tihe air.-
•,4 I I'll. Volt llll-t Ilse its g~r-ull l ilulfic'at li+)+. ns the <'raft to ri.-e s-lighlly If il J-; efqilippel w ith con-

Szt~~/V'"• Io..iriml+ ill li~zilt, vvillitli al lt] il•,lifig gear'. .A s' tilt- aitrc.raft atp.-
/'u,,./ ~ ~ ~ ~ ~ C oc .IF ,';' •,,/ .. 'tt l, i sve .- oatclW• vt' It-. vli~ll- :!;p vd. and Iilnetdtiatt~ly af ter ]llv\-

w lvthvr tihe Illagllvictci,'<tlIp;IS Illl..• lllit'ielll 111lhl. higli fe ground cl'mittlr.lt'] the tttlsvanti bmtltk attitudes,

Jivttcr illlt, Its ac'cliva' v 1V v\ t'otll arilig, itk i11tlic'- by I'tfo~relle it , tile ]torizoll Indlictolr. ( tolt inut'

I iWtw> with] :I ki,,o\n ltwmatlig ~ t ih, t- air'cl.;kfi to) liminlltaih tilt( hilmdilig by referenc'e to thte teltld-
I. tkim l ig,/ ý tl i/l I f i t W ie] vl l v I,. ]I~li W.ll tig ( 'oll- 1 gind+Z i ctol<+l r. W illiit l ,iu Ilh . loose. 10111111(h. by,, rtf-

Il, , 111. 1 :-il,: t .( 1,, ,'il 'k it, ind W t ol.t+t . ;+ InI th 1 -tw 'alie rl ie't o tilt, tht oh rizom ll n icto+t< .] tllt-ril tile altillele),

\k\I I . :111d ve.t luttal •lptcti :.-lo\v' it p•os'itive rlte o~f Climlb.

I\'hw]l :1 r dt l vIll], nied, st l f at|t llititlde i/,vt wn II\,'t1+'

THE INSTRUMENT TAKE-OFF ht 1•fe')i tlt,'t r •t,. I. irat
';l l( lim ke' it .'-:ift' m w l ý-'olo,,- ii 1:tw i tln , vl'ti e

IHA l'tll'~ tal11'-,Jl] tc',' w qll vý~i' vartry ýli~dl~ l I.\t lfl itc 1:11 11r .t•;Ilr+ ()[I'c P t Y l :••t 1 13 s ' the g ar,• life

0\itl (ilii'v, tivil I. , iv.,. ill' itl cr•'• t l. I,I;I tl( -h, ,.i m pici~ , llof'i/',oll i1ndi':tlor.Jý i• li, lprilltary piltchl I st|rultti.'It
S,~~~lli.-•'u -.4t,< ,1r,C) lira, fo,€t++' l t r :[If\' IY~ ()f<d :lt .] 111til lle ci|, ' libtlilitg allr,puvlt, l Is- :1t 1il~t le .I Iov. v I.e'o ,

i.• +iN
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Figure 8 -2. 1 n s t r u.
•UFI'ORTINO PITCH AND POWER PRIMARY BANK SUPPORTING PITCH AND VANK ments used right

after leaving
ground on instru-

ment takeoff

SUPPORTING PITCH SUPPORTING BANK PRIMAKY PITCH

the altimeter, vertical-speed indicator, and air- the aircraft is airborne, use the trim tabs to relieve
twedl ind(licator tire the secondary instruments and control pressures its described before.

yon must scan them closely at. this critical time.
Maintain a nose attitude on the horizon indi- Common Faults in Instrument Take-Off

cator that will result ini a continuous climb and i, 1. Ftiiltire to inuke an adequate cocklpit check
sitooth itrease in airspeed. As soon tas you at- of all inlstruments before take-off.

tilt a safe altitude and airspeed, raise tlhe flaps 2. Swerving and failure to maintain accurate
if they are down. Cross-check the indications of d i'ectioond control oCi the ground. Remedy this
ti tlt limeter ani verify the ilt itude by the limit by inaking adequate small movements of the
%itrl.h of the r:vhtr altimeter. After you attaiun rt lhici lte(leals the instant thle ltd ing indicator

Si lt~I i-('it~i Ctle aii5J)ee(l tihld ieaclh tiltttit ude of
214) gto lL'l)e fet-n e a nodt telti ill111 ShIt(Ittll, of shows it iltige. Neutralize therludders. after the2 0 0• t o 1 0 )O f e e t a b o v e t h e t e rr a i n it s s, h , o w nl on t i l e ( 0 ' ( c i l i t e l l a
lt i ti or, I 'edure powrl) w to (linlbing settings and 1litlt ttitbn Iltade e
,1.11(,l sIt til (e lilib-out Its it clnstant airspeed :1. Failure to mai tttin ike-off attitude after

-1 t111). Whell you raise the gear 11 thads, the Lbu'-lgill(g nirborlie. Thlis is just tlt1 invitation to

noe' attitiltle f11iv' v ('hilige tlless onl Coullnterat t still

it ?%* coitt rl pre)l'eStllt(?1. I1. Nwoting lown iatfter' tike-off, thereby flying

Ad j lst the triml tabl, for tttke-off before start- back into tile groulnd.

ivt tlw tlke-oll roll. l)(lt't clhitge this setting 5. Failure to scull instriumcents after take-oft.

11111 :tft(ie Illt(:tirr:ft blcotites atiurlhorne. After 4;. lue,tc'itg power too) ,soon tftmr tike-off.
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ANSP|SW INOICATOI AIT(TUDE INOtCATON

Figure 8-4. Pitch
instruments

4 OF

ALTIM EIIR VIaTICAL SPUD INOICATOlt

'orrect p)itch attitude. The normal movement of tude to stop the altimeter; the second, a change
the horizon bar should not exceed one to one and of attitude to return smoothly to the desired
a half times the width of the bar. Use the vertical- altitude.
sppoed indicator in conjunction with the horizon At low altitudes, however, for example in car-
bar to determine over-controlling in pitch attitude. rier landings, the barometric altimeter has too

much lag to be safe. The radar altimeter is much
* Altimeter better.

The altimeter gives yon an indirect reading of
the pitch attitude of the aircraft in straight-and- Vertical-Speed Indicator
level flight. Since the altitude should remain con- The initi.ad movement of the vertical-speed
starnt in level flight, any deviation from the de- needle is usually almost instantaneous. It indi-
sired altitude shows a need for a change in pitch. cates the trend of the vertical movement of the
If you are losing altitude, raise the nose; if you aircraft. You must realize, however, that it takes
tr(.- gaining altittidle, lower the nose. (Fig. 8-0.) a little while for the vertical-speed in(licator to

The rate at which the altimeter is moving aids reach its inaxinnmi point of deflection after a cor-
vou in deterin Iing the pitch attitude. A slow retion has been made. This time element is coin-
miiovement of the altimeter indicates a small de- !:ofnly referred to as lag. The lag is directly
vi ition from the desired pitch attitude; a fast piropoirtional to the speed and magnitude of the

, Ilmovement inldicaltes a large deviation. Take cor- puitch chlanzge. Train yourself to use smooth coil-
S rt, Icve act ion pronIptly, with Iight control pres- tronl techlniques biy using light pressures to mtake
si•oies, ]enieniber, too, that movement of the al- tny adjulstmenut in l)itch ittfitude; then, the ver-
tii,,ter should always be corrected by two distinct u icl -speed indicator will be eaisy to interpret.

hn1111lies of atl itude. The first is a cliange of atti- ,()il ýcii sto slop ovel-colit rollinug by relax ig pressure

8--N
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.. vertical-speed indicator properly, take this error
.ito consideration when you use the vertical-

--" speed indicator for pitch control.

* Airspeed Indicator
The airspeed indicator gives you an indirect

reading of the pitch attitude (Fig. 8-8). With
a given power setting and pitch attitude, the air-

. speed remains constant. If the airspeed in.
LEVEL FLIGHT AT NORMAL LEVEL FLIGHT AT LOW creases, the nose is too low and should be raised;
CRUISING AIRSPEED CRUISING AIRSPEED if the airspeed decreases, the nose is too high and

, .. should be lowered. A rapid change in airspeed
indicates a large change in pitch, and a slow

Schange in airspeed indicates a small change in
pitch. There is very little lag in the indications
of the airspeed indicator, so when you miake pitch

changes, they are reflected immediately by a
change of airspeed. Altitude, however, is a func-
Stion of power. Remember-nose attitude controls

,4=. airspeed, power controls vertical speed, (in other

LEVEL FLIGHT AT HIGH CLIMBING words, altitude).
CRUISING AIRSPEED (NORMAL POWER SETTING) Scanning

Figure 8-5. Pitch attitudes for various conditions The interpretation of he individual pitch

instruments has been discussed in the preceding
paragraphs. Observing and interpreting two or

on the controls, allowing the pitch attitude to more of these instruments to determine and main-
stabilize, and then re-adjusting the pitch attitude tain the attitude of the aircraft is known as scan-
hy utilizing the indications of the other pitch ning. The importance of scanning cannot beinstrumients, over-emphasized. Even in visual flight, you must

Occasionally, the vertical-speed indicator may scan the flight instruments to see whether you are

be slightly. out Of calibration and indicate a slight holding the proper attitude. As an example,
climb or descent when the aircraft is really in though You Can maintain a level attitude by visual

level flight. If you are unable to readjust the reference, you must also check the altiketer to see

~-31
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Figure 8-6. Indications of attitude by altimeter
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'49J:

CONSTANT PITCH ATTITUDE DURING NOSE-LOW ATTITUDE CONSVAN1 ATTITUDE DESCENT NOSE HIGH ATTITUDE I. FP' 4

LLVLL FLIGHT !CONSTANT POWER (CON$IANT POWER (CONSTANT POWER, UtSLLNI 1CONSTANT gPuWERI

Figure 8-7. Vertical-speed indicator

wiwv i.ei tll!i, atitilte is iliailtti iII] level ili,_ht ,'latmtilt. are refetred to a., Supporting itistrvt-
1)III'ili..- illSl't 1, lll'llt 11 1,.•] t Ilie 1.' i"t t l'M lt lit.s •tI].'V t" lv~lts!I ."

IL 111)1l lI1ttrllII-Ie. "J'S periit yolt 'i ~ ltal izc 'l'hcre ale times when vou use a ilipportiilg

iltlht ittiltde of the, :rivI aIlt, .110 1 TI)o it) doer- itlstlillt'ltalmt 0 n11104 as iiuch as the prilliary imstru-

Illi:nc \,]olher that Ittititde will illailitail t lhe d- menIt. .'oi example, when voi ' are attenmptilg to

.l'kstd cIlIio(it of flig.it. The coliw ied'likluw nmintain -owstait pitch bv reference to the hori-

Ii- Itll i jfl ; tllg of 6ht. .\,.Ct l'Iit' I m or.thi ilt iteter and the vertical-speed
-',,,trl h'i-min4g iilritelit iliglit delwttls oil your \IIIIItor\rill show you whether you are stucceed-

ability to ,a i Stiad propertly itlit'prE et th , ivst i- liu and will show you the direction (iup and

Sc.li:t 1otst I plI,.,,,, for the tuatleuvet .OTI alQ dowYo ) of a,,y variatiOn from the desired pitch.

.,_uti g. .'Scanilling can thus be a real help because the sooner

lildividmil pilut.- l08 ztIV di ftei iI!I ile iXact Volt determine the need for it correction, the

lTIll)i l of sciClill~iI).., bIut t hey 1ill us, the .smilet :-iliAllor the corrective action vou need.

hm:/ic ;vsteli 'I'hev Tist' tile ijlst'III IlvIts whlich
ri\e thit be't ilIfol'iltm ll for colitrotilii,' the oiri'- Trim

T'ft ill :111\. riN(iIt 111:liet1'jel . TIeyJ S Proper f rI 'l n ti edil techIIiq(lt are esselit tl to smilooth
I}i.' othiv 'istI-tvt 11elit.- to nilI II il m ,•iltlhimill• the ;11l(1 ;w'vuritte iinstrumviit living. "7se trim t~o re-
In iithiii i l• prllitSt, " i 11)i i11rollet ;,t ltthe delived vive clutrol pressures and not to initiate attitude

TI'li~i,.li,,n ,liaTiges. 'oictiles, when the ( contir.l pressures

hlie 1)pi-iitai ilsti tll- tiit t is zIlwats the isi- h v lpal'eliltx beutl relieved b\ trimmiin , there
Initll that giVus tite I1111)5c1 ltit lIilt intformtation fori- i eVi,801l, ' •t t a t g v s h I ~ st pII I;I Yio ' m i i n o ] , t b e v e r yN s lila l l lp le s s ill 'e s w h ic h Y o u c a nl't f e e l .

atn v p: it ictila i lltituv'e.V it is usully the one that
\,il should hold it a consilaut ilndicationl. The
hoIIriz i itlhlic:tot, fot eXampl)e, is always the pri-

11T:TIIY instrument for pitch attitliide in level flight,
eslvc':;lllv ;il c(nditioitR; such as thunderstorms &
\wVi]Pt ther l'e a.Ir excel:ioii lvly Strong vertical cur-

i't'ls k A..I (t tl%', tx;laiiod, )Oil (all lISV ll% off

till hltch i i-'ti',lln ilts to hold 1 hv\leel attitldtc (or0

wiIh Iie l•r~ fr ( he e t ,t, ipower ing. ll.esoihlh " level T l

1 -I hl 1. bill Iloli f lhi h • ills ultli'lits e( e(t'hpi tilt-
hi rlz' i ill itildic:iltol \%ill gzi\'i- y'ou tilt e.xac(t inifOlria~-

i,)I it' silU,1. 'fl it! (,thIi' IllA-,Illwl, which )Oi Figure 8-8. Indications of attitude by airspeed
lt-(. Illa lkl %o,! li oill " fil indicatordic to

-I aI il ll~ illg Ilh i/OltI c indicator.
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'I'lt, fot' e, ivIcitds thit conlt tols slowly aN% md observe "rhl int 11ucinlelent's uised for hank control are the

the inst rt ments to determine if the aircraft will ]horizonl indicator, the heading indicator, and the

maintai n the desired attitude. If it will not, apply turn-and-hank indicator (Fig. 8-9).
pre.ssres to the controls again to attain the d,-
sired attitude, and retrim the aircraft. Repeat
this procedure until the aircraft will maintain the In instrument flight, the miniature airplane

deiivl'd attitude without pressure on the controls. and the horizon bar of the horizon indicator are
substituted for the real aircraft and the true hori-
zon (Fig. 8-10). The horizon indicator is a direct-

BANK CONTROL TO PRODUCE reading instrument. The attitude of the aircraft
COORD I NATED STRAIGHT i indicated on its face instantly through the rela-

FLIGHT tire position of the miniature aircraft with re-
spect to the horizon bar. For easy interpretation

'Ihe bank attitude of an aircraft is the angular of this instrument, the piiot imagines himself
relation of the lateral axis of the aircraft to the "flvin g" tile niiniatuire aircraft.
true horizon. 'To maintain a straight course in The angle of bank is indicated by the pointer
visual flight, you must keep the wings of the air- on lie banking scale at the top of the instrument.
ci-aft level with the true horizon. Assuming that On some horizon indicators, you can readily deter-

the aircraft is trimmed properly and is in coordi- mine small angles of bank ( which you may not see
nlated flight, any dleviat ion from a wings-level atti- while observing the miniature aircraft) by refer-
tude lrotlduces a turn. ring to the banking scale pointer.

,A1ý Figure 8-9. Instrusments used for bank control
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Figure 8-10. Banking attitude as shown on the horizon
indicator

Yon can determine pitch and uank attitude these instruments will be installed, but not both.
simultaneously on the horizon indicator. Even To cover both, the term "heading indicator" is
though the wings of the miniature aircraft are not used here for both electric aund suction-driven
level with the horizon bar, you can determine pitch gyro heading indicators.
attitude by observing the relative position of the The banking attitude of the aircraft is shown
nose of the miniature aircraft with respect to the indirectly on the heading indicator. A deviation
horizon bar. from the desired heading in coordinated flight.

Uncage the horizon indicator only in straight- suggests a bank in the direction that the aircraft is
and-level attitude, as indicated by the other atti- turning. A small angle of bank is indicated by a
tude instruments. Of course, the electrical hlr- slow deviation from the desired heading, and a
izon indicator has no tumble limits; however, you large angle of bank by a rapid change in heading.
should not rely on the suction-driven horizon If you notice a turn, apply coordinated r'udder
indicator after exceeding 100' of bank. and aileron pressures until the heading indicator

Both the electrical horizon indicator and the indicates a constant heading. When an aircraft
suction-driven horizon indicator may show small is banked, it turns. When the wings are level, it
misrepresentations of the bank attitude during flies straight if in coordinated flight. Therefore,
maneuvers which involve turns. You can detect when the heading indicator shows a constant head-
this precession immediately by closely scanning ing the wings are level. Make your correction to
the other bank instruments during these nian- the desired heading by using an angle of bank no
euvers. Even though the gyro of the horizon larger than the number of degrees to be turned.
indicator may l)recess during certain maneuvers, In this correction, do not exceed the angle of banki yo can still use this instrument as an aid ill con- required for a standard rate turn.
trolling the bank attitude of the aircraft. The suction-driven heading inlicator has no

You will normally notice precession when you direction-seeking qualities and should be adjusted
roll out of a turn. If, on the completion of the while the aircraft is in straight-and-level flight
turn, the wings of the liniliiattre airclaftl are level !i that its indication coincides with the linigiletic

tkiid the aircraft is still turning, make a sinall heading. Check it frequently against the laug-
change in the bank attitude to center the turmn netic indiclator fur plrce~sionial error. The l1iti61
needle 1111d 1t0 1) mioveen it of tile headuig of Operation of the slictio-(hriven lieu heding in lI-
indicator. cator are il)proxinlately 55° of piti.'h l,-i

bank.
Heading Indicator

Some aircraft you fly will have a, electric Turn-and-Bank Indicator

heading indicator, and somen will have a suction- When the turn needle is exactly ccntered, the
driv-cll heading indicator. One or the other of aircraft, iin str-aigilt flight. When the turn

-N
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needle is displaced from center (Fig. 8-1o), the
:i rra ft i• t urninig in thle direct ion of thle (iislplace--"
mnent. Thus, in coordinated flight, if the turn

re-centeri ng the turn needle will produce straight
fl ight. .

Close observation of the turn needlle is neces-
sary to interpret accurately small deviations from

the desired position. In turbulent air, the turn \
needle oscillates from one side to the other, and
you must average the fluctuations to determine the
banking attitude. 'When the deflection is greater
on one side of center than the other, the aircraft Figure 8-12. Turn-and-bank indicator
is banking in that direction. To determine
whether tihe turn needle is out of adjustment., place lriate triim control. Release the controls slowly
tile aircraft in straight. flight, as indicated by ob- and observe the instruments to determine whether
• erving the other banking instruments. If the the aircraft will maintain straight flight. If it
turn needle indicates a deflection, you should in- does not, again apply pressures to attain the de-
terpret this p)osition as the center position, sired attitude and retrinm the aircraft. Repeat this

U.se thle ball of the tu'n-and-bank indlicator to procedure until the aircraft. will maintain straight
determine whether the ailerons andl rudd~er are co- flight without pressures on the controls.
ordinated. If the wings are level and you have
the aircraft. properly trimmed, the ball will re- Scanning

• main in the center, and the aircraft will maintain You should practice the combined use of all

straight flight. If the ball is not. centered, the available bunk-control instruments to produce
aircraft is improperly trimmed, straight flight. Both the heading indicator and

To trim the aircraft properly, use the aileron the turn needle indicate when the aircraft is turn-
p~ressure required to maintain a wings-level atti- ing. Either the horizon indicator or the ball of
tude (by reference to all available instruments) ; the turn-and-bank indicator can show you the

then center the ball with rudder pressure. To re- cause of the turn. In straight flight, the horizon
Jieve these individual pressures, adjust the appro- indicator is the primary instrument for bank con-

bletc.), maintain straight flight by reference
toteturn needle and the heading indicator.

Throughout your practice of the techniques
dsrbdin this chapter, rem~ember that control

ofDthand bank attitude is of equal importance.
Therefore, as you learn the use of each of the bank
instruments, you must include it in the sequence
of scanning previously- used. As the number of
instruments you must observe increases, the speed

I of scanning also must increase.

POWER CONTROL IN
STRAIGHT-AND-LEVEL FLIGHT

At any given airspeed, the l~ower setting
•.,Figure 8-1 I. Heading indicator :!etermnines w~hether the aircraft is in level flight,
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iii 1 1' lbt. Iir iit ile•ceit. Ill other word.-, power chaices ini attitude arte caused by the c'hanges in
contitol altitude. I'o eXamilk, .rnisilig alrsped 'vertical lift, wvhich, in t nr., are caused by chalnges
minttaineil with cruising power wili result in in power. Also, wheni you increase power, the
lci',1 ftiglht. If yo0u ilcleasc tile power t, tting alld nose of the airlclra ft tends to yaw to tie left. This
lini tile al- leed constallt. thle ahlttaft wvill ,hilnb. g.,ill" eflect, which is mnost poillioice( ill single-

'oliverselv, if you decrease the power and hold .llille, propeller-driven a;ircra'ft, and to les.ier ex-
the ;itrspeed coltsta Ot, the aircraft will descend. tent ill multi-entgine, propeller-driven aircraft, is

If No0 hold ihe altit nde constanlt, the power absent in aircraft with counter-rotating propellers

decllnlitive- the airspeed. For exanmiple, at a con- anid in jet aircraft. To counteract tile tendency
stauit altitutile, cruising power results in cruising of the aircraft to change attitude, retrim the
% lt•.lpced. A\" deviatiin from the cruisinig power aircraft
etting resu.lts iln a cha ge in ai r..Seed. I)uring a change iii power, Non should make

lo nlaiiitailn level flight when Nol ('han1ge ,tli accurate interlpretation of the altimeter. Then
power anl air.leet, you will need coluiderable counteract aily deviation from the desired altitude
,eeV;Ittol' lWlisli res ill till type.s of a irc'ýirft. YOu .by al)popriate pIressu'e oal the elevator control.

will al.o lted Vtarious ruddVI.erI es'-ir' In pro- If the altitltale iS low and the air'Speed is ligh, or

iIler-driven aii rcraft, le'ulmme of torqtle cliges. 'Ice versa, a change in pitch alone miaiy return the
,iemllI youi addl l.)00(e" to illcreatse the airspeed, the aircraft to the propel altitude and airspeed. If
i-caNIft tends to :.tisllie a Iaose high attitude an1d hoth airspeed 1111(n1 altitude are low, or if both tire

clill|) without ;Ii%- lilovenileiit of tlie elevators or high, then a change in both power and pitch is

lilc elev'ator tril. Tile opposite effect occurs 1tecessariy.,,i.,i vou redice power tle aircraft tenis to To make power control easy when changing

iztsil&|'e a nose-low attitude and de-cend. Tliese airspeed, you should know the approximate power

% -4.
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PRIMARY POWIR PRIMARY BANK SUPPORTING PITCIH ANAD %APAk Figure 8-13. I n s t r u-
ments indicating
straight . and - level

. flight

PRIMARtY PITCH( S.PPOdT!NG AANK SUIIOi INU, PITCH
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sett ings for the varNous airspeeds which will be
tlo~vu . X\hei, you w ishi to change the airispeed any-

lippreciluble anmount, adjust the power so that the
mnau Iohi-pressure gauge shows approximately 3
to 5 ilwhe- litore chan1ge thalni you anticipate will
be required. tot ma inta iii thle newv airispeed. This
is• suinetilies called the power dierurential. .As the
airspeed changes, you must control the pitch and
bank attitudes to mintaiit a eonstant altitude and

liending. As you approach the desired airspeed,
• (djtji.t the power to the new cruising power set-
tilig. ()verpowerinng and u ndelpowerin g 3 to 5
inches of maanifold-pressure is the normal pro-
ce(lure. This results in a change of airspeed at
ai moderate rate, which allows ample time to trim

thie aircraft. IIn certain types of aircraft these Figure 8-14. Manifold-pressure gouge

figures will not apply.
In chlanging airspeed any appreciable amount,

use the maiiifold-pressure gauge to give you the power setting, you must accept whatever vertical
powver requirled for the airspeed you want. WIhen speed results. The manifold-pressure gauge is the
nmtking the change, the manifohl-pressure gauge primary instrument for power control.

is imomentui tY the primary power-control instru- 'T'o enter a climb from cruising airspeed, raise
I1oni1t. Ilowever, as the airspeed approaches the the nose to the approximate climbing attitude;

P - desired speed, the airlipeed indicator beornmes the after the airspeed drops to alnlot 5 knots above

w. prinary instrument for power control. the desired climbing airspeed, apply climbing
"I -__- Since power changes effect aircraft attitude, power. It takes only a very small imnomnt of back

scaa nminig thlie attitude-indlcating instruments is pressure to complete the change from level to

cltcotitued dit-i1n g al power transitions. climbing attitude. Follow the horizon indicator
As vou can see, the necessity for power con- in accomplishing the change in attitude. It is the

trol thus adds the power-control instruments to 1r~imary instrument for pitch. IHold this estab-
the pitch and the bank instruments which you lished rate of climb constant. This causes the air-
lutist 5ael to plodiue straiglit-aid-level flight. speed to decrease smoothly. As the desired air-
With a colst:ait power setting, a normal scan speed is ap))roaclied, lower the nose slightly to
should be satisfactory. When you change the stop and ia intain the airspeed on the desired
Spower, however. vou Intist increase the speed of indication.
the scall to cover tile pitch and bank inls ru'tments Although tile horizon indicator is the primary
tleqtiatey ats well as the power-control instru- istrullient for pitch, it is important that you use

Illeu l. This is Itecessary to couinteract aI Iy dev;:I- tile vertical-speed indicator as an aid to niniitain
titms immediately, Ii constant ailrspleed. For example, if the vertical

spfed os80 n film (,feet per minute) after the entry.
CONSTANT AIRSPE=ED CLIMBS, volt shouild hold ihi.6 rate of climb mitil the air-

DESCENTS AND LEVEL-OFFS speed shiows ii chitlge. If the airspeed decreases
'2knots belohw tha;t de~siredI, you should adjust the

l;, Ill;y lpower .settingz and load con~dition ,ittitil~h. oiltll(eliorzollilidicltolrioestilblishIa rate

fth iis ll tote Wtttit de which will give the most of lth of Till fpiit. Th'lis should rt4-gaill the de-
efli, Wtit rate of . (I l lu b hatti for the type of sired Ilirsleed, bitt if it does Iot, 11111m. llothel
ili crtft v\oi are fl% it,,i e Y ' oti the best t'iubii g col'l't'ioll. If the Initial t 'lilge were lis ]iIt_ Its
ihsjo't'tl and pow\er :,ttijius for different altitudes. 5 kntots. it would Ix, ltdvislitle to niltke a 2'00 fplm
aII It •tIib 01' It d-,elil :it cuitsctntiitt airspl ed aind corre't,lotti li Oil the vertictll Specd iitdicittor. MLa1ili-
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___ Figure 8-15, Level oFf from either climb or descent

laii dirmli)iinlu control as in strai ght flightt. lC Adjust the nose attittitde to the level-flight attitude
itrC to i.se the lprOl)er trim technique throughout for thlt airspeed. ('rosi-chei:-k the altinieter and

the clinib. vertical speed Indicato( r to (letermine whethler yvou
Eiiteriiig it climb without the horizoni ijili- luive attained level flight at the proper laltituide.

(,ito)t' iu tile Salli, ex'ept thatt Noltl 11,1l.; lse the aIII- IF()lhow ('I)1ligv(,• in• li)e littitil(le with al~lpropl-iate.

-peed indicator and the tre'ld of the v'rtical Slwvd trimh 1t(ijustnlt,)ts whll liecessaty.
, ~~i)ldicatol. foi. pitc'h con)trol. Applylling) l.)vi, r.I'o) vilte t,| .h whou 1111eet(ly lit cli~llilig

w v gillirn ly the lost ip lIltnd yoil will not liripetvd ( l'i,,. S-l6), ltdvaiict, the throttle to the

hntvt, to liitpy lback prsl's{ t i'5 tto ittninii the (Al(Mircd cliiibihi plowcr t;ett ihg til adjl',t the L(,,,c ittt-

e'tticual stpeed. Holid this ve(rtivi'l Iei( t l the il t-Ilt, oil ti lorizott tizin inditcator til) iiiiihiitaiii it voil-

nijispeed illp uhro les hie cliltubinlg airspeed,. oi' Sti t 1t1nt itIlSpeeld. A.s, on it pply powe'r the it- it ji'lei
tllis poliit tht. pi'ocL I't1ire is the Sauliet w. whnll all iid ic'tttLI l ,e'oiiis lril'iitry for coitrojl o)f the ilt ose
the, i list n IIints are nivjiiliblh,. itttittth,. Thiti List. lilt' rihttitiotshipI .etwte li the

Stitt't the level-ott fr'olli it clinib 1)e e tll' - vetical .Ispeed iuil the airspeed foi.r cIontrol of lit'
ig tii (hI'sireL all Itit le. Allitho •igh the' llic(''S"LV ;I•(s: iittitiude i itl. , iviotsly th.-sitci tlet.

:tin )llo lll+rIillt f ] ,':il l ']' var ie w i lth , atl'<'t'itlh !1ll(l pl oth If +vo)l \\itlit to crl'li.ý(, ait ch'lilul~in,_ Ith'l )(,pvd

wtchitiquet', the lliost iuihulim-tillt faitotri' i. itw vi'r- 1ift')iMllisli the level-o)ll with it 'oordi'liulted chiuiige

tital +l''Iw ' .Nol)Ituill*y, tht' h'ad for .a.h 5(0)0 fl)u if lpowe,' anid pitcih. "'hti the Ii)ct'itiuft +'ei'h

rittofi'linii %%wiIl be ,()t(i l) flit. WIhI'll y*ml recich tilhe oiil of Ih vel-ttll, recdlic the powet.r siuiimthily
tIl lorilcu ' 1Ittitmlue for stitrtiugif the let.vtel-ol, it. to ih11iltiuii atirslpeel tlilc adjtist tiI. not',i i ttitudle

:1 It uict cl. ljcL''iult'M l ),'ihit folr pitch l"ijg. s 15). to otc'h otl oil the h.sijr,.d alUitclle.
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fottnutd a tilt all 1ti1-:i1ed, but , ttti Ilillst tlett'tutiultt ttilleohiiiiV Idat l lte t le u w to II( in titI ting lick.-

jIv;Ipr I~v ed beflore tote tiestdti g -Ytlg n ti-Stelaltitude waltillhis hadlsp ill aptxiaelvv 44)g

.1)T11, tisethl' tVCIl~lfI.IV t'1 . tjutI1 inu a Iti Iluiel t ;l(Ij (11Vtl altS itui lot .,tai I l ilug ;IttuedV AS~
tu t1,()1 dt"iii i ll:1 d ce it ttr ds ite tld i si'etl. fl s oill,: the lb lttzt uadicttt hcis to itevv-l ;11iu at

itlol". tPIIor tit Oat 011V L~STIto diItI -Wttiv it,!tn Ildt tl!iil'e utuu tittILV ..t Wiii tn ild I :tIts )IO**t is ~itle1 V -1 (

Ilailtty l a I meistit olvtlsitiiue. Whel a Vmi inthpscitti I(IGOfet loreach uI~ll' rlit(if' salute lead and l Y011tit

the detthull tistufi ttit1.Iwd tit'st.'utit g Illeims ttitlud. uVitutulthet as just~ Ist~ttisdti fl.ot' hvlliug oil t.lel

toestabtetlish a decewti laijtuth tin' jotl ci spueitiiI an- ff. theuuuliitg tuiuspi'etl. hen's what eou do. WheN

1'ttvtsi who t I tIlk.t~tt dei ('titistau A ~tiit'i. li uti 'u i the 1ev41-o. ponwedjr.te icha
1/tlt-e iuttiitcttct VIs tue e ptiverpitch1-.1e lusituutlFo lessuve oit naitttil lel igtath airspeed lwL hi e
(,Iitotlitott u)v loll4' tli scet l. bI e til' it isnit (1ittli sT dis g it'thspietl Ilst e ithiie Sllt .Ip t-ia'i tile( sp eed~~t

a~lo nt I lie eical-~pted intlicatot ex(,It( 1 v tý ditsliied, itijuist the lpt)% en to utalutttilt that air--
Iit tI' 1ii d toaItll colt! itllil o theImc 1> at t it ude. -peetT inl level flight. Theli 1pev used ill Somle

iRItPAAttY lION PtAMARIY BANK fulAvr ~ANl' j Pit Li

loUPPOETIPIO PITCH SUFPORTIP40 SANK $UPPORIiNt, P1704

Figure 8-16. Entry into a climb of climbing airspeed _
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SUPrOJITItiC PITCH P11t1,AAY BANK 5U•PPORITING PITCH AND BAN.•

Figure 8-17. Leveling •l-. .

I.

OFf from a descent at
cruising airspeed

d[es.cenlts lllty be, too highz to allow the airspeed to During straight climbs and descents, the head-
c'hanlge ait a normal rate, This may require a re- ing indicator is primary for bank control. 'You

,luctionl In p~ower as you adjust the nose attitude must relieve control pressures by use of trim, as

ill the level-off, iii all instrument maneuvers.
TO level off at an airsp~eed higher than that

used for the deseent, you must. advance the power RATE CLIMBS AND DESCENTS
before reaching tLe level-off point. The new
power setting should be the one netessary to main- latte clirb5 and descents are excellent ma-
trisi theg deired airspeed In level flighgt. Add the neuve's for developing and improving precision
dpower iat the point that will allow you to attiie to ircraft control. lim addition, rate descents are

flie desired airspeed at. the time you reach the essential in tile accomplishment of a GICA or an
]hirel-ftight attitnmlre. This point varies with dif- I]gS landintr.
fertict tyl ies of aircraft, with the anoount ofat e m Thrle procedures, ocan, and aircraft control for
il airspeed, and with tne. rate of descent. The consttt-rumte climb3 and descents are very s.inihu

hu'izole ilicator becones the primary Instrtunniet tt those jast described for climbs and descents ati
for foith as you add the power (Fig. s-RT). Hold i constant airspeed. A De key Drinciple, as stated

Il'lis l'nlle of ,lesv'elit Constant until vou r'each tile before, is that the nose attitude controls airs.peePd
befl poine fore chinging the poitch to the level- and power controls vertical speed, which means
ulight nttit(de. At this tinle the altimeter becomes altitude. The horizon indicator is primary for
i)111'y for ptitch and the airspeed indicator pri- lirtch control. Fie heading indicator remains the

hlll'r for i )owdor, bpieitary turn control instrument, because the as-
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PRIMARY PITCH PRIMARY SANK SUPPQOI•?NG PITCH AND SANK

NIP Figure 8-18. Entering

3- into role climbs and
4, descents

SUPPORTING PITCH %,JPPORTIhN(, BANX SUPPORTIWý• PI1CH

S.... - -- - II I• . .m-

.i•lijitionl is thitt, ait t~his point, you are making indication (Fig. 8-19). 11owever, tihe vertical-
cliinbls and descents oil a constant headling. speed indicator may be inaccurate to somne extent,

For training purposes, rate chinbrs or descents (Check tihe change in altitude against the time
:1rT Often entered front clinibing or descendling air- interval while performing a ratte c~lilib or descent.
speed. '|'his may not alwvays be possible or de- TIhis will determine whether tihe vertical-speed
.,,i-ltlle ill it(.tlll instrumnent conditions. The ritte indicator is properly calibrattedl. Start by estab-
litilized ill these 1n111etivers is Onle that is practical lishingz i rate cnimb or diescent. 'I'hen ch~eck tile
for tile ty-pe of aircraft. 'Norimatlly, ill prop airI- altinieter every 15 seconds for tile prprchanige
craft. Noll make the clinbs and dlescents- at 500 ill ;thitlide. Fo)r examlple, if yol Ilse it ;,00 fplII
fpli.n ralt(,, thl(, 111tittude should chiange 1:-)5 feet every 15)

'I'o enter It clinb tit it detinite I-lte, inlcrellse .,.econlds. If tilt- cha~nge ill altitude is mnore or less,
tlhtý po~wer to the approximo~te settingZ for t~he adjust the vertical speedl accordingly. Rlepeat
,I.'11-ied rate. A•t tile salle timnp. -,l ra10 the llose of the procedure until yout determineV whit 11(inicllioll
tlip alircraft to the cnimbingz attitude for the de- wvill produce tile desiredl rate. If youl find 111y
sired airhspeedl auid rate of clillb. .As youl add the ev'rol', take it Into atccounlt Ii Ilater ri'te chinbs aildt
po\ýer, the iairspeed Indictor Is l fomry pitvhl doscent&4.
c'olltr'ol 11ntil tile. vertical Speed ,liPprollches thet W ilVhel the( vertical-.spced indicator hi'collies
devsired rate (Fig. S-Is). At this tilli. tile yore pr'illil. , v for pitch cotroll't Ihe lirspeed Indicator
titc :,l-s lp etý iimlica to lr b ec o m esv. ti e p l ri IIII.y ilistr tt- be .co il es l .rill tir , fo r crto n ltro l. A dIji st ilhe
lilll"i forl piltch control. ('ha111ge tilt nlose lttitiude power to ma11intain tihe desir'ed air'ispeed, Vlticl

• o~~f the aircr'aft ais requiredl to 11ilaitaill ilhe desived anld ]{\e''.lt ilI t. be closely -'oorwi~naedl.
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' l ll'fi l e a i ijt ,t if ,2till- ci v r ic a l s p ei s c orI\I M a id (iiC .e 1t'it at it d eiit t it e i h a nid itciji , ptI-t v tilt

k Ie~t HIC piti' v' ohii inst IoWLIr thei nose't ligitivevel-onlis froit c dittib anid descenits at a (Iyfi-
41 ~~to avoid ilcreasilig thc( vertical speed. Aliljnst tile nite tidet 111v awconiiflisdivd ii. tile usittile mlannerp as

r*ý, ;In..llid ilot l to :Iok-il>,oIrol1Ir fron 'i~t l and deskcit.s lit a coinstaill
Smllth poirVt covilct ht.iIý alre (siiih salk Ihicielit tot :ii t-seeth.

it't alIit-pvil back to the dlesived indicicttioll-.
'Ino cuter. it tesoveuit ;it a dleilltite late, t(tiI(Ilts

li ht,~ to) tile Zhi~tttprxihmat e ett ogr fill. thit( tle- TU.JRNS: ENTRY,' TUJRN ING,
li'lhl rate IIItdI air-craft (oifnIguilatioull. At thle D R C V R

tIIn'. 1iWN'l thet Minst' to) hlu1ilintIintlie all-~
ýP'I1. 'Iliv Miisjweh 11(iiic(;II~i 1 tile priinal ,v ill- A 111 turn~ iii ni' r eferei'1c tO mnstrnuments
1i1ii1,0111fo pti tch conhtroil 111 th i tu tle i~ ver tica Ipc S11011tI hi Ieh1IdLe;ICt ;l defillitti' latl. 'hiriis (described

;hI I 'p odl.ý tin ihisii Idrat e. '1'hte ~itia-jeh Ill t his secttion are titore which do ntot exceed it
ii l(II :1(I S thl hill'i t lie Ji-iiYt itt*ltttcieli fill. pitch si iuarIiiz rate 0'~ per seconid) ats ndjivatedI ill the

Nh i.~~ I IIII I tt hll l hit- d:irtti tIIdhiit i~i. C o- t itiii-niti(I-kik Itoh~titni-. [he title airpeod deter-
.1 ii1at.t poI\\Vci aiit 1tit'.t controlt ats dvcstibe fol. titi ttite. tile anhgle oif baItik lieceýssll\ to tItaititaiti at

cin''ý. 311d Itst' :11i ide'nticai '-cati. statt~ihdI-ithate loin1 (sItiglo' Ilevdle width for 3ý pei
ProipvI. trimn t echuiliqlue is essetaltti Il diih ciit~~ secondI w~ithi the twXo-mittnute. turn needle, or two

Fiue81. nstu .I L.

menfsused urin

rate cimbs nd do
scents

0 --

"y*. . % ,. .P
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nidi, idtris with tile foil - lifiute tUtu nieedlet , ilistt tI'ltits Indicate it dei'vihtioln front the de.,ired
At high speeds (above 220 ktnots true airspeed) a cundition of flight. As Nou raise the nose of the
I., ttandard rate t1n',1 (I]." - •'" ecotld) is desir- aircrlaft to holtd, altitude, it1l( power lnece.Sarv to

;tblv to avoid steep btanks. ttmiittaill the dt'sir,,e itrspeed. Proper trtim tech-

hTo enter a turnl. apply steady, coordinated uiiq ae is e.•p eci ally vltittbl, at this time siiice yon
prusti t. 1,ti the ailerons antId rudder in the direc- most vary tihe cotntrotl le.ssmtls during the turnl
ti-l oft liet desi'e~l teurnt. The t horizot indicator is entry.
the pritiary haltLk instrumnent, aid the turn needle When you attain the desired angle of bank,
is the secoiultarv histrttment. ITse the tutin needle you 11a1y have to alpply it slight opposite pressure
;lS ;lli aid ill l1iittlltititil c totstantit - (tt of tullrln. It) the ailerons to lire'tiet t-ir bansik from increasing

Ill level tUnl'!s, aIs ill Str'light-ali1-level flight, lte, vmul tfiht desire d tlollttllit. It is very tilirtil' nt
fliet horizoin inidicatoI is the primary pitch instrut- that oul mIaintain the desired angle of bank tic-
nilt'it atnd1 the alt imeter is seco ndary (Fig. 8-20)). curately, since any change in bunk chlanges the

) rtlig flit , titv ' intto :a ttll'ttt, Noll itist chiatllg tilt' vertical aOllip)Olellt of lift, thus liecessittilig it
lliosv itlituthe to cometlttt tsatt fot the loss of vertical (.it1lllge ill pitch to malltaill level flight.
lift vau ied by tli, baankitng of tihe aircraft. There- l'o rttillt'l to Stratight-anld-level flight, ii plv co-
fort'e, "<m IIIiuist observe tihe pitch intSt'tLlitents while (t0riittd tIressure to the ailerons and rtudder in
rollit.g ituto n turcn. 1{emttntber, however, that you the dirtectiont Optliosite to the turit. 'I'hie rate of

ý,hitlhl tlmtt atlIly COtTective action until the flight roll-it tid roll-out should he the sanme. 'To ac-

- Figure 8-20. Instru-
ments for level turns

A.A
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b -b N -

awn Figure 8-21. Turn indications

collilislh thi.s, Ise thle Irite of roll-i z as at guide blink the aircraft lit the propeir angle for a stand-
4' fipi the roll-out. As the angle of bank de- aid ralte turn at tlintt airspeed. il'intu voiur turn
C'ue tsvs, tile verticiul lift inucreases Itlid you must through liat leust 300 ( 10 seconds), checking your
lower the nos.e of the itircraft to maintain the (le- tm111 needle to see ]to1w fitr it deflects. You theni
.iredr altitidl. At the samte time, yon roust make know how much yomr turn needle deflects for a
till- proper power adjustmniit to wiaiutatin the de- still(hard rate tun'ti-whether it is atittitily it si•gle
,nired mir.ilwed, ile hv, width or is offs ,omewlat. Thell, if you lose

You ca:1 entter a Iturn with rudder alone, but voilr. Iloizoti iiidicator. youl know i rtl y the
this rtet'sltt i L skiti ,&d itead of it coorililtitedi sigii'itmiciie of tile turn needle deflection.
(,iitry (v Fig. X-21 )). You cani also enter a turn by ltiiemibeil that three (listinct Steps lite liti
Iuse of aihlelos alone, but the res.ultiung aileroii lived ill uxecnting a turn:

rlriig ('•ith:e :I momentary slip (Fig. 8-21). Si- 1. ,/'rt the t0:u1 lit it ,li)l-tll1 late, cooidliuit-
11tii uemis uiýe of the ailerons tid rudder wNi1 1 ilg aideronl 1iid rudderl,
llO W (III'e IL ('ooli00 lltC(Ied eltitry. The hball of the turn- 2. Stop, the rotatjioutl movemllient of the wing
A:id-iiiik i(lic.itor shows whether the airi.rift is iviii thl- desired migli oif bank is itchieve~d when
ill vo()riiliiteid flight. ()hwevI (e thut Kill (lii in)g liis'Pcvss•iuv hldei'ai force.
.\',An u ,'aiu throuighouti thil turtu , So thatttýoli Iat 3. /ohld the desireth angle of bank with thu
:ll] pr'(nsiires to klei it ienteredX. l( i, iltcrori for'ce. Reniei)ibr that the three

"JYo ltiik' suite of r]te uilhuatioti of the turn Sttepis s.ldh(iuh be (oorluilittilth into on.e iolitilmouis
cullhe ill c'ase the lhorizon iludi('itoi fails, calibtitte Ilioveiuueit.

yoi, t1'11 tiellt' oil thie first ttli' ift',u tatke-onf. ( ooiliiiiit hug iiilehis 1(11• u'udd(er Ineiluls that
t voil tii)rsjeiwl ul, iusitig the huoriziui iuliic';tot, youl aiipply [lresuires simuhltiueoisly t(o rudder and ..
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P N

P IA r 'i,.i UIPOh 'I.,~ hAtll SFP',IIN,• l, IiT

Figure 8-22. Roiling out on a heading

nilervo. (Good 'ooidillittiol req uyres that you of bhatnk and with the itndividual pilot's rate of re-
don't skid or siip thie aiI '|'atft in exetithi•g it turn. covery. If you analyze the following examples,
liv 'e fervinug to tile althitleter atold v'eiticlil-spee, d Von will see the reasons for varying tile iniount of
ili('IItot. frequelitlv. v ol call :I)plv iiiiitledilte lendl itel'e-ssTlY to lYOl out on a giVen ha"ldinlg.
col-lvctti\vt act'ion if yon ob,-e've :1Ni " tevtllency for A.s it guidle, wI en you recover from it 3' per
te airlt- ft to chnib or des-i.tnd. (Chleck the heiatd- .eConid rlate of tuirn. use it lead of one-htulf the angle
mlg indieatmor frequentlv drllling thet t t'lh, tnd .tl ht of btiL, wheii vou recover "fhoOlll it a l' pejr seconid

lie recoVelv ill sutllicieit tiln, to stop oil the de- rate of tolr'll, use one-third the angle of bank its it
sired 1hiclioiig. hiad. As ti exalmple. .l~p|s . you ale turning

tt a1 rate of :13 per second, using it 24' bank.
I -emtd your roll-out point by 12ý . If you atre turn-

HEADING INDICATOR TURNS i ,at it ritte' if 1 I.,° Iwret'cond, usini.u t ° 240 hank,
Iflid youlr roll-ol it ) , oi li )) . I st thieS aitttllohtiit

Ii tilt, ,,ectioti "Klink (Control to Plrodu(ce (O- (If lelnd 1nti6l you ll\ee tllt, to dettelinlie the exlut

orcdiluttvI st. tlight ]"light." outi lrllt, l that thla'll- t ei'uti' rl'td foauti'ul' aircraft lind
hln gandtl itmikintg Ill c',,,, ll'dite~~d 1 ,illt t he t ih i -41 I(e. teclwhliijll.

Ii A il'l tft \vii i ml tl tit llit to tilli'll its l)llg Its thie TI trill ou ilt o i t given heading (Fig. 8-22).
W'Illg, ;lltc lirtiikewd, : t rfole, , Vol tllinst sit lt the 1i1,e tilt- . ullllv techdilliule Its yolt wouhl Aiutll'i it lla '-
rTC ,V(".," frol'lll it 1!I'.1 to ;I li lig ofl till, l i lig mll ll -o l fromt lll Y till " . excepl t titlit YouI Sh )ulId

Ii llhttolý htfour li. e il t dv-sred ultcidiltg I .', l Is v.t stirt tile recovelv thie illstalit %.(m titch' the ltrede-
rtetlc-l ie . T h'le +lnill illit of this htl vi l ri w ith tile' t(Tl'Zlilltild If'ti 0]1 till-itt,,Mlil|l,, indicntor. C ht, e'h

'elati iiii]i hi t%\vvj lil rit, of ti ll n lld tilt- li c tie ht i n• itijii ftil' V u _ tiletiUi'
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needl e' veli elltt to) deter lille, xV,'iL,~le r. (" 1lot Vol) 1)(11tt li1t thiat y u he : thle to tlll'il VoIll' l airc'lrlft to

tlfe ti' l e IhM'0)l()it" lead~l. .\ de\'illtioll fF tilt' Ode- it I t etii' l ic Icomp ss ltiie gaidi lg llmaitaili it. 'I"

sired heading. oi tile heading inldicator will |hell dol this, Vol shouldev'.tid and remember the

inilitte it need foro a change inl tile- numb)er' of de- folh)\villl ( , of tie nri(,

Nree of h'ad ncd. Fol exauilile, if you used 13?, 1. If the :ti' drciaft is on a tiortherly headinig

of lead Ito roil (llt of iti -26- 1,,iie if imiaik, al,, , ie II iti II It startl' t II t oII'll to%% tI'd. It eas•t oI"r wes-t, tIhe

roll-o•i w;ts 2, beyond tile desired heading, tihe iltdi(cation of the compas•s hags. or indicates a tui'llI proper lead would ie 15'. Ihe rate of entry and il t lie ol)p•osite direction.

irecovery s1houhl he the sime. I)uting the turn. 2. If the aircraft is on a southerly head m,_"
use the normal scan techiique and the primary and yon stalrt aI turn toward the east or west, the

In'lni'tl.llIIis Vo( Ise ill aIl, tu 1l 'loI' determinee indi(iatio.is of the compass, precede thle tutn and

%hiell to start, tilte l-l .' rVl'Vil l". ad1(d the head- inldlicate a greater tllill t ( if tiurn tha il has itt'l-

ilg illiilllil' to the scall lh5 tile' ii't'aft approaches ally i)p.ll made.
tile des ired hed uinI . 3. When tile 1iricraft is o0l till east or west

hieaiding, no error is ap)parent while turilinig to-

USE OF THE MAGNETIC COMPASS 4\:.t, I othei orsiiuth.
4. if tihe airc'raft is onl all( easlt O' aI \Ve.,t hleall-

Ilie diIte't -rei(lillr patnel tuiaglletic colmlpass ing, lilt iiucreae ,o ain |rpeed ca.lses tile compass t(

Fig. ;-23) is tile (oilly heall(Iintig indiicator that doe.e itdiv(ait, it turn111 towald tile niorth.
lint bei'illil illojel'rative with the loss of suction 5. If til, alilcraft isi ti.li east o0 ai west head-
il iid vol" t2u:C'ical c'llleTlt. 'Ih'irefore. it Is mil- ing, it (lecrease iii airspleed aiouses the i'(com]pa]lSS to

Illd~inie it turn'l towarlld th l it'Olh.

6. If tie aircraft is oil it tiorti. or soutlh head-

i nl, no er10r is appairent w\hile cli.ilibila, diving.

oir changinug airspeed.

OIbviously, then, it is h1st to reaw the comn-
i])Is, 0lk whIIen tihe iit.i'ulft is flying s.liItig-ilt aihd

level lit a constant s.wuei. If Y'ou tio that, you w\ill

Whenl V yol make turns oln tile .maglietic comn-

pa.s, luse ill anilzie of bank that gives it stallllu'd-

rate turn, lh1t this ingle ,Jloiuld not exceel 18'.
[Yot must hold thisi angie of Lank accurately to

lit' sli(.(csflll hi tulr'lig• to nlagh•ette compslnSs heatd'-

leald or lag. ill tile 'ti lrlt : i 'll hs f the I lllglil( vlllll0If

plufl. dlepelllS on the lit ilu de lit which the tilllI' is

.eillg made. Ill fivii, ;t I' ,l)l)oroxillittely' e(pl'l

to liit' attitud(ie. 'Thiis lad o' 1bi• is at the ]liillitllttlll
over" tile e(pulltl.) lind11(| inTl'e sn. as tilt, latitude ill-

iit'll~&'e , i'eli''hiill ]it lIilIxItIIIII ili the l)0hu reglions.

Besides !his lead or l1g, yol, i ist consider lso..

ftile normal hlad nic',esal'y for tile 1oul-out of it tilrnI1.

ro tn(Ierstai(I this. 'onjsider turns to ta.dil'ilh

-' headings.
Whenl yolu turn to it heading• of no~rth. tilt-

lllllhbe" o)f tii'git't'.s (of huil e tIvo ,siIIY iselld to the

... ... "" :- "lithl l ph is div ler of di ',,,I' Ies l'111 d fot i

Figure 8-23. Magnetic compass tlie troill-olt. FII t' ,x(li1jie'. iin i a left turn to ia
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Figure 8-24 Oboe pattern
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rate :ill tihe fmialmth ental baisic airivirk into a (tiaft lhollid piivot 'iII the hli'izoii bm-r, and the, bantk
sillglth pattern, Nvhiih is perforfmed as it se.• lelive si•oidlil vatry frotm 60W to 70). ' il'la inpletied Should
\% ithliott initerttlrlpt loll. "l'h',, palt trils all'e lolorni I- fall to a vilue below .lhw (•ri.-e anl(d allove till,
1 Y i nl t r o•d u ce d t o w a rtl d t i lt - e n dt~ ( f t ih e, lis i ,' al i n v\'• r] . . lt l il l in g p o i nt t . l\ ' il e l l y o l l c'o ll l pl v tle t h e' c h i l lb i l l W"

1 Vey tCover all llitliell'erl s ii voel\ed ill tilt, control t tI , 11. u11 I I : t I lit' Ii(cIse of liIe a irtr;il f't to fall
of :ii•.'aft thrioughl iii.tI'tllluelits, de'eb itg .t ll tilt-' hll'ii li \'()Il Stalilt Iet'o l"V as thie
somtio sense of I itolitg, ptci.sirul, •nun gZetierll opposite \\wlig til ri'le'Ls tile htoizout. 'T'his
Iiltlo otllll '.s. re'tldimdi l) a •oo•l ilu ,ttitillteltIt pilot. Sho uld restlt ill the aircraft vi mr l 'evtl :alld tile

()l)violtlsY, )et'atlle oif their' very +[atuire, all pazt-te nll fliihits ii rust be well pllantneid and orderly, 111dl .irispeed wsumttiihg its original st arting value.

etr' to liljt 'ot h e the i :iktor to e.x a't't flighit pJula - Y olt then repeatt this cycle ill the opposite dilet -

1iihg, t(11m1-ing the varl' stanes of ilt.-,l rtt4 lt'1l tion.

STEEP TURNS

WINr.VEGQ'E" tur'nv Nvitl ii :111:.ngle of 1):111i rrealtelr th1;11

WilI i,( 't oer, lai ve ait i'ct iil va' oU :I I tosll- :it) is i t3iSi(lered :a steel) tiilr'ii h . S- .:2 ). "'his

tihlene. lIIanImer in the use if tie horizon indit'it- tyle of turn is seldoellclit'essit.y o1' l(it'isable ill
tor. 'Tliey are lotrlnuen'ed lit fast crI'llise with litutille ilist ruhllerit fligdht. However, ill-mvather
wilti-L level. T'I'ie noSe of theie air'craft is raised jet inuterceptors villlploy )liecise Sti tj i'll Ius oil ill-

kbo\e tihe l•orizonmi an ,it coor(ldite;ttdl (lilllmlit i Stl'lltellt.S ;Is ;k llItte'" (if I'ou1tilte. Tlhel'tcf -IT, tl.

t1rl I'\ectllttvl. Tie \wilg tipi oif tlie 111ujrl+ture air- ability oil tie part of proji-aixcraft piilt" to per-

I!

Figure 8-25. Baker pattern
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PISMARY OWll SUPPORTING PITCH AND BANK

"PRIMARY PIo4 PRIMARY BANK SUPPORTING PITCH

Figure 8-26. Steep turn

fr m t' i -s [}I 1'11' Illt el'.l'.s o)1 iII,ýtrl' vtlll'l[ 11's evas|.ivet A•l)l)1y tile• Ilek'C'ýIltl-.y PONO e,'t to InanLittion it .ol)411tt
M,1[1011 : ai l "l-weittiler jvlt• is very dhesir'ableh. ;•I rspeedl if this is desir'el..

.A stvpturn)|111 i-;al" :1 "ood11 •(1) 1 ]ilver.'I'LI to) Ii|(crva;.ýe AVh'le mal~king• anyl• corrlectionls, referl to tile

your ahililyv t- Ivtact' (1111cldy :ad ýlmt hlv to rapid horizon indicatorw even though tile precession of

Imi:klt~ IIll littillide, the hsril enltll('l is appal~rent. 'r•) accomplish this,

]•w-ard~le-• of" ithe all-£h, ()f !m;]lk. tilt- tto.1- no(te, the noed foi. it correction oil thte 'erticatl-Ipvetd

1li ltl•.S of elt i..t%. c.• ltrol. (1u1villt ljt the |11 1111, I -l e '(- inldicator oi- tile alltimelterl; c.liec(k the atltitude ill-I M (1 - ill't. III( "•:Illlv ill Slee~p ain . , i• l 'l 1,113 dica•ted oil tile horizon iwdicatorý III(I efflect[ tile

till-lis. ),"(• Ill \\I tindl it III(Ie diffic'ult to conltro)l cl'h l~q oil the h•l iol]v•l Indicatot(r foi. this iin(licat-

tilt, pitch• a•ttitide. h1(mwe\'"r lwctIllse o)f thet IN-/'ltl i ionl. After you make this chimnge, agazin c'heckl

velte 'vutical lift wlwil yotl Incr''vaSe the Itilgle t lv ;iltini, ter mill vertica•l-slpeed indicator to deter-
of li&:•• This p olwv(•d -e a• ti•lditlt'.• V .ti) ;ld tilude mili, Ih% th-r ol. nut the col-re'A'toll wals •ldey/llite.--

Ill S~teel)tlll "1:ý. Ill mdditioll, with som]e h•,vlzoll If tilt- hor'izonl 1l1(ticatol" I., not ilvalhablt', llot, .

il~dlcablt-s, lwvect,.•I(A durillig the linl mal:kes it the' ilvtet' for courrectionl oil tilt vet'lic'•l-,p'wed ill-

]l11 'tV dilti•'uh t ) l1l1161l1111!1 the. t veirvd itttiludti , dli(Itt••r Will :1l tlli~t-tel'. ]llitilltt, tile L' ('O TL'-ttioll IWt-
Th'elvi-fol~v, to) iPlalitatin :1 c'oll-,ltllit altitildt, You tioll ilillildiati-l\" allltl oblsl' ,tl-v e til, tltimelter aniii

l1i11-4 I:1kv 11'.11lel ate•ilt 'orr]'cti\'v ;lic'Im( l ;1.", .(;t)li a!s wve tical-ý-Ikvvd ilidici( . cI ole I' v t ol ( deteril'llille?

tlIV ll(''k.•.•i. V s IS d c tt• H11 4, (]I tilt' I nlr ilohtS il't' IIP I• , d ih thel r not tl e~ col(-_l-llec'tioll N\v.:*s uldequilte, I se
It is il l .w'tm it, howe'v er\~l, that• do•) lol illlltt tlt ilil tt h tirl •lieedle Ill ý()Ir Scal to 11aI~ilnt:1 . :1 C.011"

i ;t~~~ _o r r c t'l' (t (ll b etfo r 'k ' th e Ile c k' 11iiv a rlim t's . S in c 'e th is A,-t u it r atte o )f t ui 1 .
•~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~Yu re)''covel r\'v\(S111il''(l~'il lPHI~rpO i- l(ll I('t'llshuhld bc Simo(oth] ;iltl( with :I

1A '." A ack, I he (I r:q• I Ill-'i v t'r, ;I1• I h ik I liv '"Ir-1 twv I l.''t•s < 11(wil ill va:le•. oft rolloil. A ,s yol roll t11v atl'(l-cr ft
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Figure 8-27.

Unus,)al attitude

- I

[HII I f Iflt. Il[11'11, 11 it. Vv ri-'W ll I Itf NviIi I I cre; .-e it II Y v I~|\ I'tll l'tqt )V( I ' N. y y I 1 1 v ,11c t -ll t I't .'-o I.-,

the I lirrri ft w 1it tvI lI to tolii i i f yN. ,i , I t etffte to re'tillnil, st:t i.it :t;( I*vd fIlight with itiii i
It .l .. :ivV ci t'(lt'ti -! s oll n its 'as note the lo( ' 's of Illtitinle, vet. :it flit smilie tibit., w\itholt ex-

H,.tid oi; ll(' i llt I',lIie ts. I lelleilber to utdjimt thw ceedi• g the sti oss . linit: of the l, il'c'e;Ift.

\ -,' to li i, t;iIiI flI tlht '+r(l :riv iut'ti. " tl'T :11'e t g eiu t' i tlt ht.''l'.+ folr ltoV-

liet's fiom ,in sunti l nitititles. One of these i nlt(, -
t'tll l'- is hltid for rt\overies fro'i lOse-high till-

RECOVERIES FROM UNUSUAL listlitl llttt itl :; noe othetr is lI'L.d to iecover fromt

ATTITUDES Ilose-h\w lllltlIlah iittitilhes.
A s.+ soo(ll as Nl,.<tl (It-fectt III lll il ult l Ittl t+it'.dt,.

A\I: tilllii'i l attl i dt'h is 111tt1,N tt!,tiiid of tl, i ti l- (h eck fit' iir'p t• i Iidtictattoi mild the nitilt ti'r to
'1riff ]I('( rti'eu riied fi ll' ll t1'l t ii-tlimi]lil flight. detl lidiiti whthi trit , in lst, of thim airr;tft is:ln ovt
It III;[ i\ ilt'," fiomli ;iiv one f;ItII 0 t 'Il-Itionl o b" low thit' l rii ill. il ;ttist- of "th li.g iII the
Of setvi.:il f:lctor:. sicih is tili llt•,'t,. v'tir W , ini- Vo' t 'ic'itl-!'p ed iiiilirittir, dli eg- t 'tl if IitlIng lit,
. i-,llllltit fviolri,, t'ifiiioit of the pilot, I, (, i' iiaitrit, part of tIe' ire ovelV. If tlilt 1•-o, i.- below

, i ell "'1lllig the iii•-tiiiitie.t- lie I ihiiZo i. 1111( till' 1 ,1)(~p 44 is high. r c'II(T tfl•u
If \4111 :[I.(. ll\'+I•ll it co'< 1.'t' illihlll 11t1-l'tl;kfi \\'III po<we','t i = l eveI'Stl the' w\iil• y tll-s 1 e tert'Ing thet llturn

slit ,,i-drii'li , gyro ' 1 isttI'lli 'init." tir It.'t t.:-it' g/yrts. II.t.dlt.; t _le ll kettifeet tie pitch littittlth to leve'l
\%hlch] mtrt notl~ nol-lt~u bling/, yonu mal~ke thet t'vc'm\- 11+u1l1. ] t'h'l li~ t wi'll be, +idic'mttýd wht, i ldit,

C I fl ;li .\ ti W'IIlt l litt Itlth 1 ' " liti i .I ll'IIllt i ti' ;tIt im i, tI col it t 111 f ( t ' t itii h ;i f l ilt ' l'lI.1 ,ýP(I -(]''l I ' .•l I<':tt I, ho, Illlf i),lm - ,r !h I ll'l, lt II- ,1twt~ t,, atlild 1 nbov ,l 't, liv lt, o<r •<zo ,tl l1 ltd the ;l~l-p eelPt l I.,, Itow . co .I-
the• vt,Il~'1 ;I1 .. we+,,t ilt+liv'it+> (F i-1'. ;-S-2S ). If Y'out l' t.t' ti 11:111lk to at \\ l s- It'\'tI ;lttil~ltte . t wit'l, ;I,
:1rt, 1'.•!%* .. :IlI :lxr,.'r:,lt • t- h) it Il]() ]-tittll ill !I,_,r l tIV.,,] ymt 1,,\u ~ I k l i t ,. A<• , th l • ~ . . t ti .h im.'l l , tilt,
m l i+:l~ ' Ill(t' tl,,P ,:L~i(Tr fl-. l~I 6 . th, rr lt l ill ;m r.g' t,,,l ildlt .;It' r: 111dtll~ tit'- ktllt i clte, r e rs l'(\t l'S't ivil

( it ,l l. i ll, e lh t -mt; llnt+ , f 1(if .,\ .- frl', I• +l I . I ~tI I ] , lItI v=le.1 ' ,if tII ,t :t r:l ':II ft I In S pl ,:L-w d'

['lll~l:+ .\ l~l~ ~ \\. till. f lt jloi> d it \ v,, l~ l hI=t ilJl ,1thr t vl lih t~ i :t t m. h'Ag-l ,_, t llll l, fvv ro 1ldit :06il letl+

;w ~ ;t't ii P m-t ytu lolild hl, -I,\,. litih, ltri f:klltiil,.i = :11A1 b I+, +lldirvnte \Nhtll ht'w :1th llwtvt,, i.- cotll• ltlIt.
• ,.l +I' ,+ Pill ir,,;.i ;l) :tlt~ t~ lt.. 11 ! :[+;t l+l r t i': lll I11w 11 1it 1 -illel l ivtI ýt J• 'i'litte r' d.' ."

d'-2 6
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C('lo .' all c'olnloii'ltii- of tcolliiol 1tilloot St- 'iar'ti'telisetis.i of the. :iirtft. hi It'o'.er fit a

;1ilttlicoilsiy, I tl it u11Niv it slig-ht lead of olle over sp)ill, Itiste ht' 511110eliatnlttiiitcal p)r'O(tldlreS ats you Ilse

tilt' ()t tl'l ; 11ii' '\t.i", t lit- it sil •.Iltilil 't' ill the ill vi:ual flight t Stop ht' spilt. (oll(e %oti have

'it'ijtiiltt' jIl- nmet ioto ed. h' estathlilsl attd tlliill- tit' sjpiii Sttl)lttl IIISItp d' m ht' t e iin l.|eli of the re-

al t;1 a ltev'l Ilihit attitlde, olbe-. ve tilt, 1ttiltietet, tcoveil. thliv saliie iL for a nse-lh'-1ow tin usll al atitittide.

nit;l tittulh, c•.htstly as, the, ittl'aft :tjprochies Ill geltetitl, follow these titles to lreoovei' front tit-
hevv1 fli,,. Also, since the cotritol ]iiessut'es yolt tistitli ittitudes:
Iusaily llst' ill tvelko'ies front ii titu1stal attitudes 1. ('heck the aii-speed indicator and alt ilneter
avre glenater thain those liecessl' yV for nornial flight, its soont as you detect any UnUtisutl attitude in flight.
v<il '.Ioiilli tvl t' tilli" o unit u tht' -v t lose sm 2. If the air-craft is ii a itose-low attitude,

a'.1 pit :ipliti1t itt r saitiilttt-ail-hl'.el flight, siiiitilttinvnsly redite lowt<-' antd tt'ect the batik,
If the aircr~aft is equtiipped w\ith ilectrical thell co're'tI the pitch attitude.

lrlizot :1tit 1ditlin ita i t(livntois. oI nI:NV tlse the'il 3. If tilt'irk'tft is in a ntose-high attitude,
ai> the airr;tft a;iiit'oattlits iel-vlittgt attitude to col'l'ect the banik to at wings-level tIttitude, then
;I-,i•t .%,(I Ill tilt, flll I-et-,vt, N. ] Ite nlt, ildbtr, himw- .'inliilt'11vl ISIu.•l low el,' tile I+lo t. ;111( 11(ld pO\Vel'.

t(Ier, t lit tilt- flight ttttitl'le iltdicatet oil the lol'j- ilcuituset' of the vei'ry llatutre of the occ.l..Ulence
Zit 1 rlidnw i' )to,' hot be the exact ;itti'aft attittide of n untiStial attitude, coluettit tion nitst be

:t'(' tM' (If gvi pi't''t'eSS.ott. iprompt. Speed is esseilt ial iln the i'ecovet'v. ltx-
A Split is ittnicated bnv a low airlspeed, extreme cessin'e loss of altitude is undesirable anud may be

-lillit~t'tit o'f tilt' lleodlh ill the diloetinit (f the (tlitl.ge'oIS. Utai t acliott ot' dlest'cent back to the
*. +lh at :I rtplid os of atlt ittide. The ball lltivy be itrigi0titl tilt itude aind heating ls•sool ti asyou attain

t,. d~itl u ill (t itl"I direct iotl tleji:iding oti the spin full cotitiol of the ait'craft antd a stlfe air'speed.

• V

C 'Li

PPEIMAMY
.46

I1) ~ ~~~PRIMIAll PITCH.+ P'!I~R Y AP ./' RAN-lO• tl' 11Cl't(

Figure 8-28. Recovery from unusual attitude
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BASIC INSTRUMENT FLYING-JET AIRCRAFT

iT F; I nleri r hig-ifi~-Iivi p j1t iircirft, with its, moidl0]s (of jet ziicraft, The techniqu(Iies ihescrihtcd

higlh speeodmid l(og rlnge bit shorter eln- here aie bl.sed oi1 the 'I'V-2 jet ijlist rullieut trailner

hih'uticic', r(eqire,1 of the in.istru'ment pilot at high and1(1 will reihuire ihiitulle mi(justmenlt to fit your

dh gure oif Jpr'oft'iciecy. 'h'i peirforIlnlatIe ci. I'- aircraft. The first topic, foir example, is tilt, ill-

actvlist.ics of j.ts have b irOght all'oult chi anTIges in stl'utrnent part of tihe cockpit che(k. ''hip• o s -

i:!-trlili tit-ftlyilig tedchtiique ' fthi proe er.. c'di(olli' t . e taiw plode to yrr iIIli vi~i%'ii'l'iiiiitft
I1"1,h,•, ('h lligos IIILV l l iiiev(e('t5) aLty to lnimke. insti'lU- and its inst inllunelit tioll.

imlitt flyil•g ill je.t effectiv'e.

J ]'.el With the chlinhges, ]wiever, jet i,.strui- INSTRUMENT COCKPIT CHECK
l,,0,t flying dependsi(I. (,1l thil' .- urli hIb i,, (olsi•ih,',.
ti,)u11 wIlIl tI uii' ll itU'; as c ((II 'IV I tIt ill ,ll'thllvlhRIt No il l', tillho i I•s I'iuiIItt ('c klpit chir k is

II v ig. th'll t.'lloiqlle.s aiuld lprocetdurt' l i'sh rilldd iuu(le lftvl ;Ml Ih•tl ('o<lllih'te(1 thet preftlight ill-

ill this (halptr aIr' e ll•-I1 o(ill thi ,it/i' i . u,.+hui. al)t'(tu , IVC <lo tl ll ista loimi th illPuigille(s). Tit' 511llill.

/n1'111 . oi,, of aii'lilft controlll', ()f (ouse,. this . rovl'l((hurl, i followe(d ill stiidilut t rLailliI., x(''pt

IIO.l ll iIll i'tl il i,,.o-lt j 11, v( r'(, thu, Oq)(.tliitt1 4i1 if ill th;it fl ic %lll -. llt. pil lot leri fohii f il' ilisI t Ii. IhhI"t
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cockpit check and reads the items on the check-list atture aircrtaf level with the 90' marks on the sides
to the iistructor over the interplhone as the instruc- of the case which should give approximately level-
tor taxis the aircraft, flight attitude at normal cruising air speed. How-

I-Mere are tile items which must be checked in ever. do not set the miniature aircraft on the
all high-speed aircraft.: ground at 100(%ý power as the nose will be down.

I. Inverter Instead, set it when the aircraft is in chocks or just
2. Ioadmeter. before take-off when the power is not onl full.
3. Airspeed InIdiclitor. The average erection time is 3 to 4 mit ,,tes;

4. Slaved Gyro. but, since the gyro is only slightly pendulous, it
5. Horizon Indicator. may sometimes assume an initial position as much
6. Altimeter. as 4(01 to 50' from the vertical. When this occurs,
7. Turn-and-Blank Indicator. it. nutv take as long as 14 minutes to complete the
s. Vertical-Speed Indicator. . erection cycle, depending on the model.
9. Magnetic Conipass. However, you cali erect the gyro muclh more

]i,. ('lock. quickly than that. Apply power to the instrunment
11. Engine Ilst ruments. for 30 seconds, cage the instrument until it hits the
12. Radio Equipment. stop, the,- release the caging knob quickly. In this
1:3. I'itot Heat. wity you sitaut, the erection electrically and as-ist•
14. Throttle. it mechanically. If you should erect it mnechani-
1'. Navigation Publications. call;" and then apply the power, you might dam-
((), traiuning flights, when this heck-list is to age the gimbals.

be givei, to all iistructor pilot, the radio-inter- 'Fihe erection and turn compensation mecha-
phonie control should be checked in the INTER- nism of the gyro is designed to operate with the
,,,,IE: position before making the cockpit check.) gyro running at ,a speed of 2.'1J,) rplm. This does

When checkiig the items listed, use the fol- not meani that the gyrohas insufficient stability for
lowing proccdilres. use at lower rotor speeds, but merely that it shows

1. In.verter. Check the inverter circuit slight increases ii both turn errors and erection
breaker during the preflight cockpit check. Dur- rate. However, the gyro accelerates rapidly, and
ilg the instrument, cockpit check, actuate the in- with the quick erection just described, it has sufli-
verter test switch and check the gyro instrument cienlt stability for reliable pitch indications by the
light to determine if both inverters are operating time you have finished taxiing.
irnper;.y. 6. Altimeter. Set the altimeter setting re-

'•, Lo(ilmeter. Check the loadineter to see ceived froin the tower in tile Kollsman window

if tle gemieittor is operating properly. and compare the altimeter indication with the field
3, AirspIeed lndicatar. If thiere's not much elevation. If there is any (leviatiol, make note of

ii iml aid the aircraft is i,, the chocks, the reading it null( apply it when you use tile altimeter.
should be 0. Some later types of airspeed indi- 7. 7"Tu'n-and-1ank Indicat '. Check the turn

cittors.s may not register appreciably until the needle during taxiing turns to see that it moves
airspeed is tip to GO to 70 knots. in the proper direction and returns to center

4. S•averl (;yro. The slaved gyro or IIM I prol)tIl l ihei the turn is stopped. Also check
should indicate the proper direction (check with the ball to see that it moves freely and that the

it know)n direction and the magnetic compass), titbe is filled with damping fluid.
and should indicate the correct heading at till S. 1 crtwd-,%Speed 1f7wwator. Thle vertical-
tines. speed intdicator should read zero. If it does not,

5. Ilurizon Inlicator. If sufficient time has t,,p the plinel gently. If it still does niot re-

elapIseId fill' gyrot' warm-tip, the ho, izon iiiulicator turn to zero, make allowanlce for the error when
shiotid have erected to ai witigs-level attitude using tile i list ro ment. It is also possible to re-
aid shlwuhl iidicate the pitch attitude of tihe adjust the position of tlhe needle by turning the
,,ic',ift onl thil grond. You .u,, now set the mini- screw it thie lower left hanld cotuem, of the instr,,-

9-2
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lielit with :t s•all wrt w 5 hiid er %%-]tle II elltly mll)- INSTRUMENT TAKE-OFF
i It lie il•trIllIllelit pilnl,..

. .Ie/l-ti' ('Compa,,.... Check tile itc.ette, 'IThe Instrumlent takeolf is liecoillzg 11lor1e mid

of the magn'etic -oi•t •.ss with i known diree- e ilnport~Ult ,s the (lil Of flh-weitthel fivg
lii a11nd1 be L -el-taill that it Swig's freely duringz lliOac'he ii ll tie wipl-lshiehl. ceiliigk. tiat
'!io I•, l Sue t Ilt' loi air mll)l leLh e preeS eilt -iI the :I1 low er t iIll 'epxln ted, or veiligo :i1t Iligh t. Ili v "

iii II. ( )f coil'Ir.e, t his- i. only v stand|" instnttet ,hake it iiete..ar\ top .ou to/z<>on goi llilrulit tier- -
;titd even a 1W' diflerenice between it andi. the mt•g- ing the take-otl rium or shortly lifter lelaving the
netlic' headili g i•tdicntor (such ais the (G-2) is aIl- gIrItliid on a -tiornuil take-ofl. PnIctice tihe illstril-

ivpt uble. lei(lt. take-ofl' frtquenitl'.
1It. ( 'I,.k. C(heck the check to pet that it ik First, oif rourse. inmke a i•mplete e(O'kpit.

huhug h M id that it ilidicates thit colrrect tihue, ,hcctk, inicludiug; all Itelms lwrks.,'av flo vi.sal
IlI. /1'1rit, In.strutunwnut.. ('heck all engine fiving. Il auhdllitiIIi, piYv .ipei:ll Itteithito to tihe

inustruiments for proper iidicit tiolls. (''hi.S does gyro in..trlilelits :iltd trimil tlbs;l15 1N irregtiliity
nlot replace the lutll cihec'k to be made ju.st before ill thleill nmav hlave aI d|is:Istl'ollseflect. After being
tlolv-iilh.) ce;iiied fto" takc oll. align l t]e aircraft wilth the

12. ,uin, A'tlqpnl it. ('heck all ridio centelr of the runway., ;Illowing it to i•ol stratight
vllItilnltent inl the ai.craft. 'I'lT normal VIlF for a .short disullic't before stoppitng tio be Sure that-

':uIh., (",ii lIe co•isidered as tllt alheqjuatelcheck for the the nose wheel is stilai-l-t. [hold the bratke.-s tirialv
ll I I,' svit. A.o clheck the rtdlio conmpss and the t,, lre\elt creeping. If Y'oiur Lulr:tft is equiipe(l
,,ii au i.r )it, iitivigitjitiaml eqluilpment. 'rime the r'a- with it staved gpro, l'utlte it until the needle is

'ii,,, ta- . a r'adio u;Iid i i a kniowni directtiou and prwly IJir] g'l.d. tl'hiN. may or mm not be the

rh'ck it foi- ctailhrittion of tilt, tulling dial, correct, exi't hieiidlnig of tlie run\Vay. hut i•i nov c'ase, it
iiidirati al of relative beouilg on co'm,•l, position, .Ihiiulul lie (.lose to, the( e.ict healdinpg. Re'heek the

.tid ion of au,lible i s imll positionsand hoirizo( iilid'ictor to iisure thlat tile mitliiiture
5:1' itl';ct'rlY oIperifotitll ,if th1' ctw-\tultc-: and Left- rr i <r ligned with t iut, 9W indi('es onl
I~i,"it (I.-u) switches, either 4liatse of tile iltrtllivleht.

1;3. l'ilot Ile'ut. At over, 40 ]>eir•.'et l'pn, I'Vhile C'oltilliling to) liohi ti. bllkels rdigidlys,
to I'lIng i ltz) tilt p~itot -]+ettel' S•witc'h Should (..ause Ih l i •+'te tile ptower to) alp lW<>xililtely 90 p~ercentl
],alowl(lvii to) il+ldic'h, :1 sligzht inc'rensvt, whiich is -. rp>m juid checIk tilt engin~e il.tl'4l11n1vl~t. mll< getnl-

f;i~ll. re~l~ialde (Aleckl III tile operation of tile pitot eratorlutlut, lRelease tIi.e Irzakes itnil mlvan ce the
t..t]rottlets) to take-otl power Ito get ats rapid m1i a'-

14. "/lI10tl(.. Check thirtotthe feit'it io to leherat tinm its hio.sililu. Sillce thle rtihhde is inef-
wl' ýi..irie that11 li threttle will mortv esi.,ly by fect ive It Slotw ,peeds, viil 1111,.t iiiiietliittelv

h utl, t• • l i t 5i 1 lnotso seti t it \%ill nl<ovei is a reiuit tin lltel'ttm till\ detviatio0 t ill liending ai., intlit'lted
o iti\ io';nII)nI. oil tile hietlding indic•'to, by applying ' stiftiienit

15..'X,t,;:lptt;t+,+ /',1bile',ion.. B+efl, Yo u brilke pre,•..,urv to rteturn to, the theg'vtl ]wilding/.

lt:ivt. ]i( hie. chectk to see t hal ill Stomi,-li\Iiig,,- puuiie liilotts tptilti(e biiikes (il tile, .11n1e side its tie
I Wit wid let-down l, ianilinls are ill the airi'aft n ,itihiiii. Ilowever, lise the biiakes onlY when
i't, it; tcll'ditioII. ie(,ss;trv sil•ce the iilnne(cessarv riding of bl'itkes

Figure 9-1. Pitch attitude
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Figure 9-2. Pitch instruments

,',,,' .the,' take'-,of yo]roll •. •iderabiv. A fter o',med trallsition to a clinibiliglit attila;,|. kdlid] %%III
tl., :I!i.,p,,d rvachv,- the, poin~t wvhere the, 1.1(de•r ru,•ult Iia , rate of d.limb of approxillatlv 5001-7, 00
I'vt , ji-,,N . 'llkc'tI 'v, (abouet ')0 kno(ts), u.se t he rudde.r fl)[-1 Ih Ii•.•x . • l h v a e Il , il.

,..,.~l~v•]v for direct'ional conltrol. Aftelx' ap- ('x'•:1se inalttilude (aboult l1)0 fev~t) aml the v,,rti•al-
],] I dd.:im!l.r to co-rrec't tillt, heading• of ilhe aff- ,Iwild inldicator it stv,:11Y" Indication, of ,1 clillh

c ]'lm'l. voil lliav% hav'e to c'olitirille to hold pre.ssule (500-70() fpnil) }itfort, v'til re' at, tl(' he l'anlin-.

OH Piv 11, lder to! |Imhiitaill flit, headill"Z ,,I~.111'. I16 ;ýv theN w i,.,fl l p ,re y a l~ •lear
flo li)>l :i I'tr fl w hell tl ileo lllSle(ld reaclices SI)Pi'{ 1111d iititilldi- hiivt, lit'i'll :t~llt l (.iii' (aboutil 150i

_',i,;11, I wi .ý i 'IIm thl. tike.-oHlll Iii',Sle.e.• (ap- li-fl ts• anld 3-5;'0 fee't). K eep'l ý",ily o.v,'lS of) itli. ill-
]1I,r..iI;,:It•.lv 91, klmtl• fori thw "I - .). (',il ý;lo hlll ,'-rlllilvl.lits and0 l11ilI tlt lili IL SlafV ('l1nlIbIlIg attitudle

,A ,i,i >iil11,'i,.ll ~l~lat lý r,-u' to thc• coilti'olý. if) while tile, gearil il)1d flaps• airei bvin/g retiac'ii d It
r~i-, fll.ill)? \ ht.,l . t l t, 'l i~ll mlild to) (-tlilb- plevelxil~t , l wling of t i -l' iilterili., :1 dhe-'velii, oi. ll~ w

Ilii, !I , i ii ttn• litiildh o)il ilt, Ilorizoli iindica' ll I ng fli v t vt, \ertica'l ý.plvv, to l 1( 1 *il(''il~w (1, V,'l,•ivvly.

I f IL;!, :il iulh1]1, i.; 1ii:11itim'liwid, tio ll -ci r a'~ ft w ill fly . iliv' tileie t'lil hilign spled,. of' jo, :1i -ralitt 04 rilfii-

,Wi !].' llilild %%(.I :ib ml v .Siallin ll," .llpi-d. IlII iviv ll hig~h, 1il:i11tilltt l in \'erlic:ll sl~wed oif fro lli ;i00(

;ift, l". ' I-t l l ".• i'; l l•w-I•.(l i i \%;lit 1110i 1 Y I,~ hif 1.2()() flpin rnivl off c'liimih m ildi !the iiril' d :ll' . ii -

W: 11l ' !.\l• ll in', !lt tIilo lt III- lil i/.. rota ing ilil •ii fl.roi acl liv.s file dvl,4ilr d c'lillib~ilig• aii p -i~l~~l. Y )I ll m ay

.A , I l,, ;i l•ll li ( li:l\C. flit, rl-4)1111(1 Ill)(Iti 120 lq il~ , tlrilii ;.i: fh •lvý lrv •it tl~l,r Iiliv -o.i l', }h )it doll' i -11. i
l~ s . -i : lli~ i l. - ,I' pl;ll;11ll litli illt ) H'ip m 1:1 |, bti- li, pl )l~ 1 I ( li 1 li ,r:1 (It ll I i]w _-1,1lllid : 1) N d fI¢ Ili,r -ol.

, • : 1, ;I <il l:l \';til' illwii I!: ]P t•i f( It It i fl~l ip I IVI( JIM 11 I 11f ;1i., N'l IF. ;1! X, (Pl 'IIVi' lio• 1-1i' -Iii l co• li llliti li

11 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ;[( ILj.;-jý, ;11( liltli : l Ik iIliiu ,1 li,+l'vt1w f:'''l>',l,,•
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The horizon indicator is primary for l)itch sensitive in the pitching plahe and can be easily
awd bank from the time the aircraft leaves the deck over-controlled, especially at high altitudes. The

- intil it establishes a good climbing attitude and instruments use(d for pitch control are the altini-
reaches a safe altitude (about "200 feet). After eter, horizonj indicator, verlticial-spe2(l indicator,
that you resutai your normal scanl. andl to a lesser degree in high-speed aircraft, the

airspeed indicator. (See Fig. 9-2.)
PITCH CONTROL FOR The Altimeter

LEVEL FLIGHT rThe altimeter, in conjunction with the verti-

In flight, the nose. attitude required to main- cal-speed indicator, is the primary instrument for
a Iit itluy de-ired conditionl (climnb, descent. or level )itel control in, level flight. rhe altitude should

flight) is the result of the simultaneous effect of remain constant, and any deviation from the de-
three variable factors-airspeed, altitude, and sired altitude shows the necessity for a change in
load condition. As the airspeed is changed, the l)itch. (See Fig. 9-3.) Although there is a very
aitgle of atntck or nose attitude niust be changed slight lag in the inadications of tile altimeter, at
to Inalliailin a constant altitude. In comparison low altitudes it may be considered to give an ian-
with normal cruising speed, the nose niust be mediate indication of a change, or the necessity
raised to maintain level flight at lower air.peeds for a change, in nose attitude. At high altitudes,
and lowered to maintain level flight at higher air- the altineter nay appeal to lag occasionaly, aad
speeds. At hit.ih altitudes, the aircraft will fly you must cross-ceheck the other pitch instrumnents
with nost. slightly higher at a given indiated air- carefully to contr'ol tilhe iose attitude 1)roperly.
speed thim att low altitudes. This is caused by the in aircraft with a flush static source, there
fact that the equivalent airspeed is less than the may be a reversal of the altimeter indications
reading of the airspeed indicator because of com- when you overcontrol. If you raise or lower the
pressibility and (alibration errors. nose abruptly in the TV-2, for example, the altim-

The load condition (gross weight) of the air- eter will momentarily indicate a change of alti-
,ir ft. has a definite effect on nose attitude. At tilde in tlae opposite direction. This will not
high gross weights, the aircraft flies with nose occur if you use the p)ropeer control technique.
higher than at low gross weights to maintain alti-
tud(e alt the same airspeed. This effect is more The Vertical-Speed Indicator
uoticeable at low speeds than at high speeds. The correct use of the vertical-speed indicator

Most high-speed aircraft are particularly is essential for preasioan control of nose attitude

0.

LCVE1 FLI'H? iCON'iANY PON(k, tNCO HIGH ATI uiiJ * ?•.O lI.t, (').;I :, pwd 1.l l' I . I

, Figure 9-3. Indications of attitude by altimeter
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ii hi ll-pe•(l aircr-aft. Although it givc-s anl in- of the weight alnd illettial of tile acilattilng lle-lh-
ldirect indication of the nose attitttile rather tihan at anismi, several seconds are required for the instru-

p)osit ive indivation, when swooth control tech- Ineit to indicate the exact rate of changle of nlti-
ttlite iS isedl it will pos),itivelv Itt1it'citte llyy cliaige tilde i hetlit a hrge pitch correction is made. For

from the desired nose attitnde. Whlien light coil- examiple, if the nose is lowered abr'upti v froni a
trol p}ev i+,|-es are used, the Initial movement idMi- level flight attitude to all attitilde that will give
cates the trend of the vertical movement of the a 50t fpiii rltte (f desceuit, tile iititial vertical-spe-ed
itI'-craft. inidicat iont will be a cli itb and there will he a no-

TIle vertical-speed indlicator is always used ill ti'eable lag before the needle indicates 500 fpmi

totljumtictioi with the altimeter for level flight. descent. 1'o overcome the tendency to "chase the

AIV Iiiovellieit (f the neidle froti the zero posi- iwedle." always ilikc vot-ietions by rnferetne to
tiim indlicates the ileedl for aim !iiiedhtte dultige tih horizon indhicator aniiiu hold any correction vonl

lii nose att itude. If vou detec-t this movement i-t- make long enotigh to allow the needle to reaclh a

yco tive ps to retu stabilized indication. Yoti can make ia further

tile ii.e(lt- t, ztr,,, the ailtinieter will ustally ituli- correction at that time if it is required.

'j care that there ia.s [well~u ]o chl10 e it altitwde. The Electric Horizon Indic2tor
li'that the altimeter hats ilovell In visual flight, any required nose attitude is

froml the deired altitudle governs the it ate at i'eIlwd and maintained by rising and lowering
which the aircaft should be returned to that, alti- the nose of tile aircraft ini relation to tile true lioi--
tilde. If tile deviation Is 100 feet or less, the rtei

of 'ttiiii' 5lI(hillll IIC Itio lz thll li tttt-.uttt) fpi. . iep('C5laes tile tirie hoi'izon and you follow exactly
highlr vkrt icil speed Will iejtjiiCe too iiiichi attten- the satlie pr'ocedures by 1-aisig or lowering the
tioil to avoid overshooitinlg the desired altittide. nIiiiailture aircraft ill relation to the liorizon har-.

thus ticriti'ing the Scull of the bank auti power B4y using tile horizon ilnldicatol to adjust 1ose
instrumttents. If tile deviation fronl the desired atl- attitule, you taii quickly phlc tie tiloe of the lti'-
titude is over 1t0t0 feet, the rate of retmuili imiay be I'raft iii alili'<oxiiuitelv the correct position for
do(uledil (20tG-400t fpill), am- desired conlditiou of flight. After doing this.

'Vie verticl-.spced inidiciator is it selisitive in- check the other pit-'h instr-tieits to deternimine
st timent. Iike tie altitmeter, it indic:ates it rever- whether tile ioN' attitude is correct, for tile hotri-
sa~l eirror- in sotie ty~es (If lir-t'rft \whieti Ih IlosC i itidit-ator is subject to error a1s it result of
attitude is chitmiged :hrplpt ly. In addit iol, Itecatise precession.

Figure 9-4. Indications of attitude by horizon indicator

CLIMB

9-6

0A
AS"



ALL-WEATHER FLIGHT MANUAL
NAVAER 00-80T-60

Figure 9-5. Pitch attitudes
for various conditions

L.v.l 11.00t .0 - 1•N "r.mt 9 ....ped 111ve, ,9lh. .t 1.. -mvlq 6, p..d

Adjust. tile minllintilre i eih'rnft. so that. it is The Airspeed Indicator
tv ,l %[tith tl e 9 W i idex lilie s oi the sides of the T h'lle airsp eed indic'ator ig 'e , an i •dirc ef t Mi ll-

i istu 't rm c It.\%hilv stlil ol In the ground of' ilign it lilt c~ation of the no.m, attitude of tilt alrircr ft. For

other way vii i'efer. 'l'n, if tie miniatuii ;III power .;,ttiig there is oie' IhM.'e Ittithlde thlt
nil''iift is . it level w th t horizoni bio " at wII'il,- oil dli h tih )IitltId 11(1 irsnl1'ed ('o1IISt:|il.
ilig mti'-lwe tf'l nl voil \\mlt to readjtlst it. •tlj~lt Th'lerefor-e, if th irlt' tilSITd 1iICI*w:I~e.-, V'oI know tile.
it to hlo\% level lilgt, iim:iking s•tte, of course. that pos. is low mil ,houl he rihised if the airspeed

g ie~pt' l -10 ohwii oiidi~ it,~ iidii; ' leeowe iftilit iiShou 'ld I~ei-Ici''se, Oif no t hl-msee
thi ;Iirraft iS iI level flight Iiild the horizon hat. d(ecrenses, the I.ose ki high :11id Slthhl be lowered.
id i ot 10 trec."Sihig it the titime of adjusthllpeit. '%lost Th'e ithiporthihice of plo'ioer trilli in high-isp)eed
('XIel'hit'l'e4d inst trhil•'vlt pilots. ]io\%ever, prefer flight cail.otn be ove -vi'iii-mnli Zed. lBe'v:ii.' of tlhe

lot t- :toljlstl the t11iiiimilre aitvltaft iotitiilially volltrol .ein.iti it'v of high-.-let.d air'craft, :i outl-
hil flight. of-trini ciohiditiolh ihiki',, it \ter\ dlitli'ltt tom ti it-

l'httit ihýsmg lit- hoviz/. ! indili'ttor to witk, litil tin ' th e •.si,' l tligit tondiition. Ihle tt'itii-tIlA
l~it i, 'OI~'l''li ll.'', ll•'l litl~ v'lll 'lr l] plessilll'es bult c'olilJ' Is are' co(lll\(.llivilll nildt v:•S', 1i lis' I.\V, I \'ev I',

lot ' a , ,ilt Lii-' .i•• i'4' l t iiit ft'lit, ' S\hr it-5 Im lt io Iiuls itt' (if ht-1 i ti ' i':IS tli laiest 11i1ii' .

Iwi iw m e ict• hiulli'I,.i. .\, the t ril, uispetA1 ill- ri.Ii i v ill lhh,:1.11, 44 the cul lt ol, \%ili th'e trimi

('t'li'tlt ) 1t-lt 1i•- I I k.,Ih44 t(ii nlilihl be ,sii llt'r to hlLe- I is. 'Iiv'r . ti ti'•iii tit' il- irf tom i1 lt 11\ .4,'
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SUPRTN -f -- SUPPORTING PITCH -

N.,

OPIMAIR¥ PITCH SUIPPORITING PITCH

Figure 9-6. Primary and supporting pitch instruments for level flight

Ili jet-propjellled aircraft, changing power has the most important skills in instrumient flying.
little effect oil the pitch trim. (lOnging Iil.Sleed Of course, not all pilots scan the instruments

:[ ita decided efft,tt l you m11st be careful to tin tle sli e specific sequence. They (to, however,
keeI tile arcraft properly triimned during air- follow (efinite rules concerning the instrument (s)
spt, t'd chmilges, to be ob~served closely (biring any particuhu. ma-

'hell flyill"tiol aircraft equiipped with electric netiver. For each maneuver or flight conditioll
IItn t tis. always be avmie of the danger of trim there are certain instrmnents that give the best and

Aitl,•..thkinlgZ IIilth- actuatilig positionl and ill)- most reliable inlforiuitiont concerning the desired
l.Ing full triml. ']') prle-venllt thils, nmove tie trin) colitio of flight and is usually the one that

bltltoll in thertiOl y(I Wtlitthen move it track .,.ould be held at a constant indication. 'I'lius the
to tIlItIe I I oI I11, 111 M I~o.th lo *'I ' I v thI ouIIgh thI e butItton II I t- llthlwtlet" is IlwltN1 the p~rinlmry pit ch instrtillelit H

Spring loaded. This will preveutt an extreme (tt- ill level flight, except' in tholderstornls wlhere
of-t1'i111 c(,,u~litin :1 . po, I b y 1l,•,• i v?• \'oidI ai) u 1s ald strolig vertical lai currents Illd Iffl.',.,l'e ('ha10gen
atituide NNile in flight, tentd to make th, iltimeter unreli;ble. As uilreadv

Scanning, eX ll~ln u(! till t his se ,ctioll, Ili).'v of tile pitch illstril -

a itll,-•:ts (.lilt be 1sed to hold I- level attitude or, with
StI. ?t _ t"ilte proper ''c Setti

Hi Ndividu ld pikt1h 11'Itrtllllltti ]l: le- :tlr- dv htd been ih- :1hhit lt . None of lthe,, inlttm tt ex('ept the
'P.,&,l. io , vi'. prplertl ,t iltt lptt'ttr tti(mo of iltol- 1lI ttl r i I%,I' t exactt ittforniatiol desiri-t:

\it~l~ l ll:illllit llr • II()t el++loll.rhl. o ll lllll t jist' %vihetllt l. thet atir'craft' iý+ oill anld ;l:iitl Ii (t Oil-

th(' t'ol],l h '( illilhMii';t ls of all uIN.tit:lahlv pitt'I ill- ..t:1tt jiltititle. 'Tl'lezufo 'e, tilt- altillo itcr is tile In i-
',I' l llt'l . 14) g.•;Ll.ll ) ,'is - t itti o l of tlh it''n l f . 111; '\" pit ' i-II'Ill -Ilt for level flight :it - othetu

T1I ,- Iý'J 't ,-- ýýi> l m 'll :I-.t l l lt i, m id \vh1 t :tl(' t O ;till ill hjld
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tihe a.ltiieter constalt and to hlieck its in odications noticed and a correction applied, tile snmialler tihe
ale referred to t.1s Supporting inst rtuwlelts. (tSee required COrlrec tiv'e n ctioll Iviii be.
Fig. !)-(;.)

hlere are tillues whleui a stippiortltg inlist 11llielit BANK CONTROL FOR
mnay be observed its often, if not ,m'oe oftei, thaii STRAIGHT FLIGHT
tile prl'imary inlstlrumient. lit level flight, for ex-
aluiple, ytJu use the horl-izonl indicator to hold it 1(o 11101 nttaill it straight (orlllee, tile wings of
constant attitulde and to make any pitch correc- tile aircraft must be kept level with the natural
tions if the need for a chaiinge is indicated by the horizoun. Assunmihii that the aircraft is in coordi-
nhtiinieter. You may note errors oIl a sulpi•tiot , l la ited flight, anv devi:ation front a wi NIgs-level atti
ijistrtunient before You observe theni on1 the pri- rude will result ini a turn. The instruments used
nlary instrumeneit. If so, you niake it corlectilo for bank conlt'rol are the horizon indicator, the
iniie(hiately and quickly check tile prilnary ins.tri- turil-aild-bank indicator, and heading indicator.

ment to deterinine if you made tile proper carrec- (See Fig. 9-7.)
tion. Thus, the ltrnieter bay indicate hat tihe
nose attitude is satisfactory, but while scanning Heading Indicator
the other instruments, you may see a devintion The hieading indicator gives an immediate in-
from zero on the vertical-speed indicator. You dication that the wingrs have moved fromn the level
shou ld apply anl ilnlue(liate correction by reference position by deviating from the desired heading.
to the horizon-indicator atnud check the altime-tr it,, If you wNalt to fly straight, take correctiv'e action
soon its pos~izlle to see if tile correction was etlec- its soon as yon notice a deviation in heading; use
tive. Regardless of which ilztIll 1plit slhowq- the tile huorizoli indicator in conjunction with the turn
deviation, appl v a correction inI pitch and con- needle.
tiulle the scan to see how effective tile correction is Figure 9-8 shows tie RMI or ID-250-type of
in miintliinlig the desired condition of flight. At- magnetic heading indicator. This instrument al-
ways relieinier that the sooner a deviation is ways slhow\'s the magnetic heading at the index at

___/

Figure 9-7. Instruments used for bank control
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iiirirctft ii, two wi ays o, the ]horizon ihtlicattov-by
DOUBLE BARRD tlie plosition of thle wings on the horizon hai, or by- DOUBLE BARRED

. -.. ADF POINTER the p)Osition of the kinik index or pointer ill rela-
tioIll to) the zer,) iiirk of) thl, lsiiikliig scale. II I
illtur, tle hitter is more likely to be atccuratte.

SPARE ADF POINTER Turn.and-Bank Indicator

The turil-ahid-blak in'4truninit operates the

sitlne in jet aircraft :Is ill conventioial aircraft.
A, me haIve Iloted in ('iciiler "5, this iii>r1eiintiit

TAILI. Whenl the turni needle is exac'tly ceintered,
the aircraft is ill strai...ht flig-ht.

Fieure 9-8. Radio magnetic indicator (RMI) 2. WIh'en lhe turn niee(le is i-ll)]COe(l fro)mn
(7011lel', thVt 11icr f i> l r i ll the dirt's'toit) ,f

t he d islhicellent.
the toi) of tile (ial. Its p]reseiit ltioll is easiest fri 3. lit cordinated fliglht, recelitelin-g the
iii.t itment i-,,k hec:liise you van visil•lize the top needle fi-oii its d1i•lklcedl plo.sit ion \\ill lrwoduce
of the dill ats t•le nose of the phlne. Most type, str-aight flight,
of litemliilz 1in(ica:toi :il()\w vo. to select free, O' 4. Whien The ball is ceittered. thie mirciift is
5laiVe(l g.uyo)()plaer;•tifl)n ; -e nitt h)t. Il ... ll 'ases. in Cooi(lihliate•l flight.
you must know whether your intli(iitoi, is a gyro- -. When the bkll is dislh'ced, it is -entered
dniven 1!t1.1t :rd th.refore su•,jt to pe'-e'- by iapplydiII. 1,uihd, i ill the Iilre'ifon. inl wlhich the
sioi ald drift, or whether it is slaved to it nwn- ball is.ulis-lhtcedl.
lietic (onll' sis t;,kIisrilitter' systemii. Yolu should

know, in fict, which of tilue vu;jious itni(hus it is Trim
111A1 its ,imnitatio.is, as expl.aiieul in ('luapter 4. If If the ,airc'raft is properly trininie(l. it tends
tile indicator hats a settahle diail, itnst i'uienit work, to nminliiii a wings.-level attitude atnd fly.N straight
~peciahlv" (;C.\ or I- S work. will plroihalhy he ill siiooth ilii. If the aihlr-n trim is incorrectly

ealsier if Von set the hica(ling ait the top of the im(li- adjuste(l, the aircraift tends to bank, and a turn
Cator (hill. re.sults iiiiless tile a.ileron and rudder triil] (tbs

Iiciltt'tlize i'i.cli ot her to l)rodluce a .slip on 0t eolist aait
orizon Indicator headling. Excessive iiressiu.ie oil one of the rIidders

I he hoiz~ii/.oI inttc'ato gi~ve a ohiiec't Indica- ( with Ith. wing" level) results in a skidl. Skid(ling
tion of the hank at lit tide of the aircraft. ( See and I sliplpil. are especially u.n ldesirablle ill hig.h-
FiMg. I-l.) CIn (.o0,1 liatted flight, the aircraft .peuqed ain.-iraft. as they cause a lo&-s of lerodvnamic
shu'rts to tilrn whell the \tluwngs rte eIllOVd( frInit(, lie eflicie(l1cy iudtl hlarge reduiction ill airspeetd. I )on't
level positioln : vo0 c:I stop tie( turn l- v levelling tIr to .tup a trni by use 4f 'hiddeie alone, except
the log. of flt ii itthe hUol- ili the case of a1 valiuig turn ciu.iisd bL loss of
/.,n bar. A la\\;. \s (lo thii L y coo.,rdiuiatehd use of :mi iligine ill 1 ililiti-t'uigiiie air(Taft.
1ihilutn nid ithlder. ()f ,, I le, i I hi i -h.sple(Jd Itii-
Ctr1ift at hi,4i'li true air),speds, verv little rud(her is Scanning
iiV,.(Vý:i I If y-. oil .ert getlt lues.im', oil the lr'actice lite kcloindoned u.se of ill a;aihilhll
a ii',.l() ol, vcn ilinot ii-r*'gird i-(dder l)eevs- l)niik iliitilmients to l,rolhrtii str.:iirhit flight.

i IV. I\V . \t-ii 'ol, li i'i-- t e l )iv ik :,l)i(lyv, con- (Fi'g. )-I,.) T'Ilie he(ading iluiu.toi. 1 1 h(i tin' lon
s•- 'iitm ih iez i di:, il k - '•i.•at' :tiiild \.oi l i s-,' "c l ie iiiui';ite wiunl tiii' i. 'ft is tiirtiiiig. IIY w

.m lule(r i In tile tilh-.(.tli)ol f iii)ve)'ii'it to over.- ]ollI/tll( ilill(':itat o i titi t l l iu t tn'eulv e siiuuw flit
comp.. it. ('1111st, of Ithe' o,.r . 1iý stf,,ii hlt th]•l1t. v',lu 11mlit~iil

Y•l' --;Ili (ki'tol' l .' hi' l'. itilý :kit itoih. (of thc tie lli )it ig titrin 1.1ili l,; u•f' rviii ve i),t biv h .cmillilg
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w•lit ii ch i'' t ititts liN x 'h'\i:t1it1 1  frtom thtle ziv dvvh iitnlit fltti l th It'tl'ti .d tAlti t hie ly vappi'i
d .- Irt I~tjl h ,:t rl , )*oi lit-.. tile l(ol'iZ7 )it +it<|c tll ' li'\ tit, re:,nt oil thet ele\'ztt()rt(lltrol.m to ]I)(l] tI ctmltttit wifl-s-level tittitutile or to nl+ kv III jt-pl>IvtI r II irraft, chb iges iII l

M. C1li:1).t ii ll:tiik rtlirell i' thi Inlt'"ttlfni.. if lilte\t II0 tkethsr' iit ith itink :ittittitde i, there i ii
t_"• liit, Icl: Ithtl' I I I 'IItII - l t4 I. I f thI e, IIt ttI l<I .II- iII (:t fIrt Vi t1 1,( 11nt, . I') }\\'e ' thtI- -I1 11 , r tS';I I hI I;et \pfIy lilt tle jil -

+.failk•. itllilttil ,traii ht fliý.rlt lI' tnivu• the loii li:1t" etlleet til thu piitelh tittitult' of j't nirj itift.

t u in ieetlle ;l. tile plilliiiii 'it limoik i .triiltielit. A .- thie titi l'jie l clu•iile ,. 1o(m iver. vo"l illtt- tnoi-

If tie htendtiln itl i'tal tit'tth th t linty lt, ýt hit n I .111it v the t loh' h ittttitile tolivoid deviating

;ti 'titift floit. dlt it,,i f'tltl thi' d(Ih irtetl lietiilii . from th l ledv rteil ilititih'. 'Il'is will ' e(lII e 1 ll' -

1,:i tk tht tirc:ift t tl r n h the ,htitlul., tlvl- f i l trim ll e ¶Y. t ) n\'t isiliet e + heli'y control pt-til.

N, O. 'I'I: cziil, ,, t" I, cLI( plu.. N, s1-R,, t I Gi 4r -, i - tit ti ,t - ,ll ,. \ the r i i t l)

11hIV AD'-L tEltL FLIGr-Uft hll ll lt ittitt- i •. .\t, ti tittlh e (A . litvilulttli)ie i nst itl. l

lltuu l ull ti lt I it tl . tIf k it u d li ut er Ux- ftiIt l ti t, \\, 1itnl l ie nv le t oti ng- t in t eittl-...

rnttlie]t~tlu']itvel sefth•ti*<tig lti itlt'Itt't \h at. t ]l(Itiii~ttt1 i l~l':vi~'t thi \\ielt{'. II!: hiis It 't ; ii Il•

A. .11 I1 iii I l l ,It' II I f" Ii t I I ' I.iIi It 1 i i 1i t 1 siners ll Iit- I-he rkpt ltI fu- 11 1: ' t a l yi 1i 1

lile :1 1 'r ft i-• (- , tl Ill,. v~ h..red liezdtt l "n• n-+t :t thIe I )rA 1 ,,|.t, : lI|•.it, ie llsv . Inl 'rt'ex"(, the, pow,-

lit;IX lIl viti f ( il. ill le (if e ltt k ()i i tit horizote n tilt itli the t irsutl)( ' litl.i i llo we tithe ll, u i L"tit.tr " lit-

inttir it e, -tle ititrt s lie tii ,il'tt hhCIit ini it t hteo -. i 'i'ieri . will 1wo rteah rtion

ill ,'oniil)l . titti. 'Ili't, l llltil theit iti uli- tedtol t i' i'-:I ttmill

Y!_,m POWER CONTROL IN STRAIGHT- ,tilulled tht-liftutu to ,tt tit;'itt ttitil_

""-',," 1 \liI etititg 1 :~yv tn e .svtlht h. A i tii itttit l the ul iitil lll•t iiisp 'tt tlilIstIt-he

-- AND-LEVEL FLIGHT nld.Atfltli ,\(I 11t b4rvlst-1
,Fgure9-9.Baking'l.Tind vhtiriul-.e iniaocittrill

• ,A tI;I l I II% Vi\t't I :lh'ýl )OV, th l~i vt, rme .--Ittt illz ý h t't'e - p;in.titu n \viii. hl11Ie of v;Itlne Ill lnot Ing til t, itte n{'e +

2"•.I+.+..+.+..+ii I ii lt's v N It' liT' ! 1W II IV I' t':tf : ill ItIVV' tl !"!Iht, 'll It Tol t'1l111l). "i'll vo(lliltelitrt tilt, 1,imll~ cly to (lnll

+I! tl~o-hlinl... rI Iti i tht-c.f-.it, I I ()It 11,,hl dit";1 iliinloe :Ilpl.ly fo)r\\ ir HI-1 10 ntio ) l'01 .-li', The.i -le{] v

,.oni-t~ilil. th itm, l pwe . vl t In I ii , ( tviv iniin,•1 tilt- :till fI t rll"li ni to+ relluvt, tin.llt, )T,ýiil't. 'I'lhi.s is ext relniely

ýl wed+• . Fl(, Iwll i li,:11li tcollý-tl t;i liih ut , iiti l ;1 i( :11- 11ilil irt hiti ill l ld ),t clit-l' rift ci tonitrol lives-

11l ](I\ "1 n 1h, ('l i tIl, (ill nnI to I l i't im hl- ile pihtch :Ill(! surles iUn -t bie kept lighlt foi- lp tti.eckitn fltyinI I . As+

m wu\\tr (. nt tl . T hI It , lnI V I I H11 Ill 1 .tI•1 eell IIIi i t Iivtn th+ lhe Ul '>kIl j ij-It'rP(I'> h0\\er tile inlilijittirle lilt`

midtt utl~l-s t'to.l tl'tl ll l w.5 t it -tIltlt forut tt chmi gIit in ' l':t l rI lelziiliol to tilt hornizon hl~il"ol tile holrizoni

i,01%\(tI ;trotl ,I- pitchi. If 014, zlltilmlvtt is• tctllitllit indlic"mt(i" 1. thl, horizotn iutlicaitor to) ilimkv all

Midl \.i,II ýtv, t'ilit fin, oir:.lp 'td 1, lilgili or ]<\. p i,'h cw-r ect loo -;. midl to hl ditih ii '<l-4tlillit atitituld

,.h II.,itll~ t -n 11)\• ' i o littili thne ah+ ,, l l-'ilsp cl~tt . \\1lile tht- o)llnt'r ili+Irlillvlitsil intlitcattu it tlexiliti(oii.

!•'" 1"i£ .- 11.) W h'lilk. t']mlgll illi., I)mm etri. c ret'll'+{ A sI V ýll ;plwonll~ till'(t.'•lt< Itit1-spevil, It(Iijllt thle
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IlkI

. -P,° SUFPOCI'II PITLH ANO IVANP - fg r

"Figure 9-10. Straighf-
- .. " -and-level flight

• * .. , .'; ) I •;" f l SUI ': 5lt'4k .'1 '-

I~~~h )1.!A' )II I III w;[ Ii~ ()I,.I H tf 7 ~
A I ,- p, -i, I i ilt- U. I I H I :11 11 (f1 I I . i1 l t I . k.I i l ]li, ' .

:!1 • , -,A I r - , 1 , I i ' ;I-jth 1r tjI'h, ft l '*1 I ,,

Ili ii Hii ' I I, .tl I IIll wli"+Illl!lltI> ".

:,,1-..,, ::, : i,, i ;,i,:l ia , i.. i, ,It:. i, ,lj".t - .- ,- fl, I, i f I• i•,l i • ii -'l;Ii'4 1tI ;II,,, l-h..tl liiI I,,i. . ; l~

*I--i I,, ', I' . I I,' I 'l it..... I,, ' -"; ill" i 1" l i' , l. f i 'f! \' i '. ","'I , li j 't if ,)• I~iliI I II • 'li'ii I.i \,\ I' IfI 1:1 1 '

I, I . , ., - .. _" ' :,I ,. . 'l , , i. IIri, - % i. A-- ii

-... . I :" I 'l'f lI'f :.i,.,, ' \i,- ' . I i... : : - 'i ','!,_ :• I .\ -I i f . ,hl -'- I , . Iir-l,,,., :- f,, , ,:, ,.I.ll -:f .I

- i It. IlIt I,- . , , ' ,i ,,-, I.. , . 1,,ff , -,! ,.-l -:, l i., I ', , i , .- ' I Ill ,, lt .,-, i fllii ;, 'r' ;l ltl ',llt

,' : I i;, , :, l . , i,- I• I' -,• -,''. "l - i~ ,.- ''II• l ,' , -, , , I ,,I . , , I - -', ;,-I: , ; ; • ; :ii, :1,

;, .. i , !.. . ,I' , ! ,,I -, •! ,". "..• I,, l, '• l l' I ii," l'. -l 1 1i 'l :i l l l I' i • ( ! ' t ! •l I i; ' j } i, i/, I I ,;

,.;, ' - I . - i I ,I

I, ,i ,. '..,t ,-.I, ,,,.,ill,' CLIMBS AND DESCENTS
i, .:.,. • i.. .lil,-,,, ] : , , , I . *', l,. , i : .i . . .

p 
1

." . . .! • , l i I .' I .,,I l-i. . . i , ', I ', , ]" , ' i - \ ' ' . .•,I ', I;' I , , :l i . ,: , '

•,",~~~~~~~~~~~~~~~~~~.".-'...- ..-.;.-......?",-?."..'...-. .- ...- ..F.- ..}i, '. .•..',-..-,



ALL-WEATHER FLIGHT MANUAL
NAVAER 00-80T-60

-, -II

PM!+,A~t ;,•LIPPVIAI•T BANK,' SLUPPO)IIINr PIT(I,< AND Ii• llq

V / Figure 9-11. Chang-
ing airspeed in
straight-and-level

.___ -, ,. nflight
,.,4'L* ;? . ,l;Oh?l ,• 5.~ "bu4 Ol'N' . , fllr I< 4

N.I It' I tI I i ir : lt I I tIre I' t i I, ' ,.g I\v.-; "ml thii si ý,t Entering a Clim b i i

tilt- t' ;!; -h p il c it',illh. t, i l~. l f, lt li rt a I fI l a h lll, - a•il.-pi wi, l, ill(rol-at';P. flilt, lm wo.\\' to•i 1() 0![{t " p)(i\\% r ýý.l]d

,,,l ,, l ,,I: ft,. I•1l-, 'l l h In .1 i)i1.hl ar t 1leve lingc Fi - ao Cll|(wir t y Illr require'd rti-
(lit 'lit tII, I it,:o -: , llilt dicatt 1 I' wv(. I. Ihv v ' t I - t IJIf!I4v 1I Ill " t I I (vIl.i f.Z 1 ill I I) '; I I cat (wu. 'i' ot i call ueit
,';I - 1 ; I11 . tl(, ] I'1v'r m l ll1r i ' lit, : It.- l, t'1 I li t t{ ]' i ' li.tl.,(w lt ' I11 'lr ' a tilt- I p rJl i-
j-":w clI'r ! ct'i. 'Y out [I-(, thc Ila .h(llo llc'ler t mt rol{ l_') l the. 1ii;1r'% ill-.i ' tl llileill foi. l l icitr ( ll, .ril/ flilt, (-1l 111h

,i ))i dWi ll{ I ( illh () I .
( ')lll~~ll .• ;ttll-ll'l•1"r,. 11111 )lu~ , :1,4. u••d Leveling Off From a Climb

I, , w r t I.l • , + 1 - 1 1 1 g , 1 l l( 1 1 1 1 h ..-:. ; t i L ' ) tll l c w - ;t ~I ,'11 4 1 ; It t -d t ' I , ( ) l e v e l ( ) I 1 f l '( ) I l i t c l I 1 1 1 1l , itl 1 weId' e lehit 'l l l~ l e( d

:tit>.j~~~~~~~t~~~t~itl tl.( ,t - :H i •t It t• I :. i l- l lll'l t hl i s~l' a'ltll illel .I .'< I'{ tis ( is 'V' -, J i <to { p r('u 'h -

+)\'{ l'•'];I l w;'' I 1II 1' ll i tl~ ., f.. l il(, t,,. atir'c l' fl (()]I-

fli(it. to ('11 1Jl fill. :I. .' r li , a r i l
l'tY I"- I, ( ]i~ t'+• ývl fI\ t-.lr,;Il:- \I,11t'1 c li'i(':' ll.d vý('I."

l 'ilmit :, '' , U 'l . ,, l l ( li -n di. ll•(] m o•i" , ll-

Illfel' iti i~i - I i*Zil il~ ll l'ut' ]It;llit• i ~ le, gill bcl't ill' llr ~i tl. vlt 01:111 \\ l, r (, l}t c ] . ,-il r ie

.%~ ~ ~ ~ ~ ~~~~~~~~) ,'t-:,,I 1,,,' If',+l'+{ \lh ''l-+k I ,1 ':lt{l l~it 1I+:.. l111iluc ll t•1I~t.I)'u(h

t iilllt']l • ;til'"l It' l l ,' , ;,il 'l- t f l tti-c l ll t, o 11. lt 1 1 1t. t' ilt, It~llil~l llt( 41 ) .I l I t.,11I ]'," l ii" l ' . tl -, 1
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Leveling Off From a Descent

The level-off from a descent must be started be-
-fore you reach the desired altitude. The amount ol
lead used is governed by tile rate of descent and die V1
contirol technique used by thie )ilot. In leveling off 0,T

front i descent, miore lead is required than in level-
illg off froii a climb at the sam1e verticail speed.
To level off from a uescent, you niust adjust pitch
and powver at the same time. When the proper W/

klad point has been rearhed, advance the power to
the. setting required to Illilmlititlnl level flig.it lit
that alilspeed. and raise the nose to tile level-flight st1lit vertical-speed Indication, the vertical-speed
attitude at. the salie time. As sooni as the level indicator is priliary for pitch control. 'Tihe head-
off is started, the lltinieter becomes tile primary ing indicator remains the primary bank-control
pitch instFrUTIit, aId -,Oi' reguhlte power and illstri'llIent.

control pres:-ure so that you bring the aircraft to
level tliwht lit the same instant that you reach the Climbing at a Definite Rate
des•ired altitude. If you iised dive brakes during To enter i claii at. a definite rate, increase
tile des'ent, retract them whIle lien thie power :pplica- the power to the apl)roximate setting for the de-
tiol is beguln. As .0-11 as theii ai icraft is ill level sired rate and simultaneously raise tihe inose of the
flighl, tie air(speed indicator Ibecoes priitry for air,:raft to the climbing attitude for the desired

,•) ONver , voltrol and youl use tile an 'rial level-flight airspeed and rate of clintb. As tile power is in-
t'=. coss-Check, creused, the airspeed indicator is primary for pitch

Clibin an ecndn un control until the vertical speed aplproaches the

deClimbing sired value. (See Fig. 9-12.) At this time the

('l iits and descents ili turns (comlbine the vertical-speed indicator becomes primary for
techniques used in straight cljiribs 1111(1d descents pitch control, and you change the nose attitude of
with those used in level turns. You start the clinib the aircraft as required to maintlain the desired
or desceimt. and the turn siilultianeously. On en- indication. At the same time, the airspeed indi-
tering the turn, Iluse tile horizonl illdiclator as the cater becomes primary for power control, and
plrimari,'y ii•,ti'miit. After you iire. ill the turn, you adjust the power to maintain the desired air-
Use tile tiulril iieedle as tile primary Instrument foi speed. (See Fig. V-13.)
kink. Pitch andt power corrections must. be closely

,oordinated. If the vertical speed is correct, for

STRAIGHT CLIMBS AND example, but the airs1peed is low, power should

DESCENTS AT A DEFI N ITE RATE be idhled. As the power is increitsed. the nose iiust
be lowered slightly to avoid increasing the . vertical

Pro'iociency ill performing climbs and de- speed. The nose attituide, must be ,adjusted

s leits It (lefilite Velti, C(l .'Ieed seipor- smoothly to Ivoid overcontrolling. S nall power
rait Ill li, l'tl! ilistruill)lent fl ight. Ihie vertical lorrec-tions are iisally sufficient to bring the air-

speeI 11,.1t Ih W'-l troll l il Arltely diurillg a speed back to the desir-ed locat ioll.
(i(tA 111 ll oIL ti illstrumetit. take ofi. Il high-

speed itilvilift, be'atiise of criti(cal fuel con(litions, Descending at a Definite Rate

it iVs -isllilY ili)erative Hutt yolu make it landing To enterl it descent ill a fletillite rate, de','ease
(il thi 1fst ili(,dllh, tii, powier to the al)il(,XilOLte setting for the dle-

Thcll pro'ct-dlnr s,:'sc ll, iutl 111-trt aft rolillrol forl sired raftt till([ :ti,-craft 'o~llfigill'litioIl; lit t ( slie lllle

(.11limls :1114 descelits ;t it ,h~lhite r-0vltirlp V0l' S1 l t illi•t., lO\%V(.I Ilhe llo.. to 1111iliilla the airlspeed. T ill
liar to tlhose& used for vollstalit airspiid clinlibsi and ltirsjlied illi'lito" is the primirilllliy instrulli elit. for

,• ! d svu s. ilv,'e ill. desirled mi,,m ltol ik; !I (,(,Il- I~itk-'h control lintil th( v'erl t'ill speved IIIln'mlcl tcs
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thedesierel riale. T'h1e vu'lical-spet'd indicator then M.", per" SvE('ld or 1-rWeedle-width detlection oil
lbevo. ivs. te pr-iIi ar1 11h1trIililent fill pitch control, tile 4-minh•i' turni idlicato') to ivoid steel) aiiks.
111d vou Iliiiitaii it at the desired ilidieition. You Iro eiiter it turin, applv s•tead, coordiniattd
El,)ti41iiiate po4wer ;wid pitch coiirol its desvri-,el oiI '.51l't, i I I 'k . lls acAl rudd1 ,r in the dire'.-
for vhlillh,'aild lis the siIe .Cl>o-cI'heck. Pr4 opv- ti oll of the detsired turn. As sool, a.s you Ipply
lr:',I, i n4I ,. lilh. tilml IlCl4it l'ress.ure, thie horiz l 111idirtt ' becoies the p]i-

-it :I hleilt vate e m(id wvili help prlen'elt )veI-coi- mary bauk iistrunient until the iipproxillate de-
11441lIi i• the io.se ott itjit de. sired angle of bank has been established. At thi

time, the tura needle becomes primary for bank.
III a level turn, as in straight-aiid-level flight, the

TURNS-ENTRY, TURNING, altimeter is Ise,( ill conjunillctioll with tile vertical-

AND RECOVERY 4Iwd' III ill(.it't(I*t tO lit I II tIlv (Ivsired 1)1111h.
(See Fi. 9-14.) Whien you bank th ie ireraft, of

'l'lle ti'els.1•4,e'.,l iil thi.,- sptioll lre those collrse,'Veltical lift, i•sdecre~aSed,;nd yoU must rinse
\0lh.h 41(4 1444 l(t 4e'1d a *4 1.i iii rle (0' .p1.sec - tile nose to ma1intain altitude. Ak. you raise th,,
,,lh,1) ; i-- tid lh.t ld 444 the tll'4-4 1-Il4ank jltll j:It"l 1 nose. of thu ',ih('I tft (I ) 1t1hold tile :1 ittlih,., (1dd Iowel4
m-r ;I :',) :mi h (,f kink:k .-; inl i 'd oil heh'o izoi i ts 14•1• 'ssilt)' to aIllillillil thil e sii ,] ai. eed.
iIlli,'al(41. At hi•l, 411 'tir-.eds rl" whee 111410'V :i,- r triii tehlhi n(ie is especially vhlluablle itt
thau at .[l" ilihe (If 14k t- rqleulre( for' at s|ndtl'd- this tIole, becaulse the conitroul pres.rilies 1.ist bh
1'l att It ll'll, m l ak e' it M Ie -h 1: 1l f . t• l dta h l -l-r tt e t u r n1 v a r ile d d l'i ng - t h e• t u r n e n t r y .

P RIM ARYV POWIEh PRIM ARY BANK SUPPORTING PITCH AND BANK

I. L

S ý.PVORT1NG POWER1

MIC.P E M I ,,IP S M S S N U P O T N , I C/AD S N

I ,llOilN• UPPOPITINC, SANK PPIMAI uci"C

Figure 9-13. Climbs and descents at a definite rate
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"o recover t6 straight-and-level flight, apply drag, and, consequently, ai nionienltartlv slip.
coor(lifnated pres•,rres on the ailerons and rudder Sjimiltanecitos use of the atilerons and rudder will
fil tio direction opposite to the turn. The rate of produce a coordinatedentry. The ball of the turn-
roll-in and roll-out should be the saiie. When you and-bank indicator shows whether the aircraft isappljy pressures to recover, the horizon indicator in. coordinated fli(,l h. Observe it thrroughout the
Lecomes the pri mary bank instrument. As the turn so uhat you may apply pressures to keep it
angle of Inink is decreased, the vertical lift in- centered.
cr't-I•_l aind you must lower the nose of the aircraft
to maintain the desired altitude. At the same
titie. you must adjust the power to maintain the TURNS TO HEADING INDICATOR(I]sired airspeed. As the horizon indicator indi.
c:t tes the wink,, are approaching a level attitude, Ani aIrcraft xwill cont iut- to turn i as lo g irs
use the heading indictor a:, the primary hank in- the wings are hanked: therefore, the recovery from
sturient and the turn needle for cross-cheekin,, a turn to a desired heading Inist be started before

A turn can be entered with rudder alone, but the desired heading is reached. The amomit of
thi Is defin itely mide .itable. It results in a skid this lend varies with th e relationship betweea thi,-
j oiwal of a coordinated entry. In some aircraft rate of turn, the angle of bank, and the individual4%ith tip tanks installed, it results in a turn to the pilot's rate of recove;.v.
opposite direction. A turn can alrso be entered by The number of degrees to he turned to a giVerr
use of ailerons alone, but this results in aileron heading and the I'.AS govern the rate of tuin to be

V

PRIMARY POWf#$ S UPPORT tPr , RANK SUPPORTIrNG PITCH AND BANI,

/ 
iUPPORiTINU POWIl

P IM A OI T P I (T H PR IM A R •Y A N - II;,U'(T h l I J. I

SFigure 9-14. Level turns
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Figure 9-15. Preparing to start roil-out on a heading-indicator heading

"N IIIi.,, liv, at t tu, air-s eeds of 2"20 kts or accuracy of control techniques. This manneuver
It itr! V llt. Ia ratt of turn of IL/" per Secoital till- involves ehuanging all components of control. The

.I thlie mgle of bank required for this rate of ttu'i pit,'h and power contriol techniques are the sane as
,.p,,d Il, t w limiviie, of degrees to be taim'ed. III those used when changing airspeed in straight
; i ;it'. do not have the angle of bank ex'eed[ the flight.
luliihbar of deg.res to be turnied. It. las been shown that the angle of hank

"11oll-olt (n i t o i veli hlivaditu is execiteld uaecessa•v for a givenl rate of turn is proportional
he i•.-u•:111 waY ,ý t livorilltlroll-olit frollm i 01yt ,' to the true alirspe~ed. Thlert-for'e. it chlmige of airi-

i'('10 !!;:it I lla Itcat'VkV is sttarted the instant i11w ;l•,•ed I'list lhe .Oml- lmiluitld by a elminge ill the
nIltl ,i heal lead on tile headiwng ildiciutor has angle of hank in order to maintain the desired rate
i rla-a . Iaclivil. (See Figuute 9-15.) Check the of turti. This means that during a reduction of
ad.•ldi,_- iulil'atI, afte' the t0un neeldle is cettINrd .1ir-speed ill a turn, the angle (of bank must be de-

I,, No tll the I'lor, , h.•,a., ,',eat d to n aimtlti lie the ,le•eid rite of turn. T'lle
a\1. % lvi:11i'll f(rot the desired 4 lieto1 lin will (]l- no 'e attitlde aIlso val'its (1t'0oitilonsly tntil tile

ta:I !v i fltl itc alw . in th t tiillibith of de 'revs new airspeed is rein'hed, Tli l alti ettvr is liti' pri-
'I '1, , 1, Ib lti-' ill a filt 111ve tarn. 1itr\1- ,-v a tutrl'a vilt foa luiltcl aco tr lo tllthoughi tilt'

vcattta:tl-pjeeal ill1liatol, 1:4 1sval Ini (olijilltaictuti
\\it], it. 'FivI. turn w ,',h i prlvinimrY for lmnkCHANGE OF AIRSPEED IN TURNS
aita'al. "\'lhile the itiraa. I - h, avig chaiged, thle

I ,,, ig• :iti•t.l, ,l i turnis . ttll iltt i!1 or- p'itiiarv inlstrla ntt t for ] wr is the tmuholeiletla.
'-. t, r , 1::,,, , tl ' al ita tot dtevelaal gia-lt. tr ();I[.I, tiltl 1aslr..-l .l is .stabiu iza d l at ihe Ilcw itali.ca-

Xi
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tion, however, the airspeed jiuliCa tor becomes tiI- piuently to establish and maintain the desired air
mary for power control. (See Fig. 9-16.) speed. T'rim is very important, too. Adjust trim i

Two methods of changing airspeed in turns to keel) the control pressures neutral.
,hould be practiced. In the first method, tile
plower is change!d after tile turn has been estab- TI MED TURNS
lished. In the second method, the power is
clhainged at the saime time control pressure is alp- A timed turn is a turn in which the clock and
plied to enter the turn. In either case, if you are the t urn needle are used in changing the heading
decreasing the airspeed and using dive brakes, ex- of the aircraft a definite number of degrees in a
tred tilt-il 1- voiu make tie power (a1':ge. I)ur- given time.
i:|1 thVe i)x%'V cl' i'h. obserVe tile a!t imeter a mud Calibrate the turn needle assooi as practicable
xert ical-speed indicator 'loselv and make cIhanges after takeoff to ('heck for any errors. flere's how

f pit chpromptly whrei necessary. If you usedive you do it. Roll into a turn of one-needle-width
brak(es, ne titI saý.IlrC technique for the control of deflection on tile 4-mintute turn needle and, as the
;~iuclh :tt th lure t hty ar' actuated as -Ou do s&) o'd hand of the clock passes throughi a cardinal
whi el decreaý-i mg aiirspeed in straight flight. The point (12, 3, 6, 9), check the heading on the
Slit (if the Iaink instruments is equally imlpor- beading indicator. 11old the indicated rate of t1urn
t:ml: if tilrt rurn needle shows a deviatiou forom exact and, as the second hand of the clock indi-
tilt desi rvl detielt lon, change tle bank. Although cates ii lapse of 30 seconds, again check the heading
power thalrges are less frequent tilami pitch or for 45" of change. A chan-e in heading of more
Li ik chuMIges, check the airspeed indicator fie- or less than 45ý during the 31)-second period indi-

[ -j

.UPPOC)TIN POWEIR iIPIIuIINUl SAN: UJPPORTING PITCH ANDl BANK-

% • PRIMARY POWER

BANK SUPPORTING MItCH

4 Figure 9-16. Change of airspeed in turns
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cates that a larlger or Smaller deflection of the turn hilf stanlard ri"te turn) and that vo'i Nvanl to
needle is necessary to produce a 12° per second make a 3I002 timed turn to the right. from a heading
tiLrni. WhI en von have calibrted the Iieedle piop- of north. ITo insu'e the proper lead, watch the
erly ill elich direction, note the exact deflections and clock and, as the second han, approaches the start-
use them during all tinted turn.l, ing time, roll into the thrn using apllproximately

You use lhe sanie cross-check and primary n three-second lead. Each 1W sec;vvods should thien
instrument:4 in making timed turns as you use in result inl 15ý of turt. When yon approach the de-
making tunis to heading indicator headings, ex- Sired heading. roll out of the turn with I a lead of 20
eept that you substitute the clock for the heading to 40, depending oil the rate of roll used.
indic:itor. '11e turn needle is primmary for bank
control. the altipieter is priniary for I)itlh control, ADVANCED PATTERNS

ind the ar.peed indicator is prillary for power

(CoIh-al. (See Fig. 1-171.) After learning the basic aiirork of jet instru-
I r timed turns to he:ading where all instru- nient fyin ol. vo learin pattelrns, steep tLi rhs, temo-

hitotits foi 0 V l h om use.y ,k the heli ing Itaics, Ii l) u s ial-att iltUh te e ie. lhe pit-

indicatoh' against the clonk to make sil're that the terns: di tter from il ho, for .cmvnt ional airicraft
ploper rate is bei iig accomlnlished. I)epending on becaiiuse of the speeds, stress limits, fuel usage, andITAS, these tiin'ms will bh stmanidard rate or one -half turning radius of the jet aiirplane. The patterns
standard tate if thle change in heading exceeds 30% inco'lpo'ate the fmlidamntal airwork intto a se-

Slp)wo-e, for exanilh, thait v'l von flyinge at (ulleln i l which v(o are faced with cmotilnions
a. t rue aispev.d (of 350 knots (which requires ap- cli'nges of attitude and speed. Such practice
prmtxiliately 26" angle of bank to maintain a one- IlmeuVets develop the good timing, the lprecisimo,

Figure 9-17. Calibration of the turn needle

it

ii7i

PVýAAARY POW[tl $UPPORTING BANK 1UPPORTING PItCH ANO BANK

Pk (A. , PITC1. PRIMAA P E.NH %UPP(-TING P11(h SUPPORTING POW12
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SFigure 9-18. Vertical "S-1"

•'." •LI~d the .--m , s,• l,.. wh'lh inarLlk :I gtXKI i~ ~t h ,.tictld-speeel indic'llor is the lprillmar ixstrl--
•:,The vertical -.S- is tau~ght ill several staiges, niert for controllhisg the no•se attitmie,amul tile

sta,•rting wil th si pl Sll e, k-i ,f d.ini~bs an~d de. all'slpeed lialdic.atol is tilt pi im llr illtrullnelt fol.
Ss.celt". Its !prilliary ,l. urpose is to develop tile powver volltrol. The heading Indicator is t-he ipri-

v lilot'.. lp-'(icieli.y ill plic•h ,rll o wtlv.r c.ontrol 111( iniryN instrument ior bitnk control throughout the
0 to inc('l'i'-e the speed of seamining. Tile "Y" pat- nllitietiver.

ter~ simlate izt~rumnt )t'oe~lue tuns ad Te change from a descent to -i climb require

letdlown, tile samie amiount of leaid onl the altimeter Hs a

Verica "S 1"level off fr'oin it descenzt. You im ust wse the p owerý
Vertcal $-1"smoothly and adjust it p~romptly to tile alpproxi-

TI'l. verticd• -S-I'" consists of it series of ,)tite S•etting for tile climb11. At tilt- Sitile tlit imeou
dhvscvnt.; unJ cnimbs i. F]',,. 9.-iS). '['hiroughout tile ('h111ge tile power,• you retract tilt (live. brak~es and(
ma;neuver it conz,,tat air'•p)e, ,d I~t •conzstzmt. headl- ('hlnge. tile pitch to tile 'Ipproximizztv (.11i11) atti-
ing lire, fluidltillied. All d'limbs and des(.ellts are, tude. At this pin(it, the horizon imiaoIS tihe
lim(It. at a• de.lilite ,:z;tt. :Iý L4hwl oil the vertiald- prvimar'y pitch instri'ler t. Illtil tilt,'vertic'al :peed
ý.-i)ve( hidlvdi':tor, and( the, reelzSAl of tile vertical •[lp'roaches the ýe.•ired ra1te o (.11 1'l11). ''l'hen tile
di'ec'tio•ll is l:ie t sp)ec('iiitl ltitildes. ver'tic'al-sp~eed indlicuztor agtin beco'(mes• the lv'i-

rIlihe fr'eqtpi, wy o)f" ,'e'e'sin].,, the• vertical diree(- II]III.y pitch I list I-1 i ,t.i : tile 1111'spee(| indicu t(J is
t irml depoll, s oil tbe type, o~f :wn'•raft isetl. Not--. tilt- lrillilry power illst 'llt' lic t thr-,mghlott.
11:11'N ll3" in ir('ni•ft withl ;I hzigh 1-:11v of tlmte Thle e'hamigc from it climb to• it dhcent requlir'es

of 1.016,( fpfjl. 1]' w ,:i,,z.l'l ]t' , 'Fi ýlic om plisl~ed hv otil from it dc limb. Yoil 11111t re.,, t lz tilt'. po, er
lmzloIL'g :1 k-lllv,. of dv.>v.lf• itlzld climbs betweel, .z•liothlyl ;•ill( Ipr'(liptly to the •llpp 'o, il•:il•, I•we'kl•

I've , it I ):I r; . tilt- power,, You exte'l tile dive, bntkv'- Umld ('l•;mige
I'l'hv.'!o '• "s-I'" ). po•t•l.1,41 hye.N. l~ ilf tilt- pitc'h lttitilde to the lil•xm •'d •'~ tti-
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CHAW1 TO FOORMAL CRUISE

-~ MINN ISD~ SIT SEC Figure 9-19. Pat-

-OONE NEUDL WIOTN 30 SIC

fl ._: __3_ 12 MMf PUU..UIP TO
2 MIN ORIGINAL AtTITUDI

___ ---- MIN
- =1TART 14QN CRUISE -

- -START DESCENT SOO /MIN

FOR 500 TO 1000

Verica IHANOI TO LOW WClumsentrd
•'•- ---... . . . .--.. . . . . .. . . . DIVE FLAPS DOW N

lprimary pitch instrimient until the vertical speed stnwdard rate (1-needle-width d-flection oi 4-
Si~r,)ac'he, the desired rate of (les.ent. 'Thieni the n1inute turn needle). The turn indicator is the
verticill-.pel-d ini(.1tor 1aga iii I)ecolies tle pri- l)prinmry bank instrument throughout the
),mry pitch instrtuijet and the airspeed indi(cator maneuver.
bec:omes the prinmary ptower instrumnent.

LTrim telinique is especally important e-S-3

11 teisill eS)j(i~t]ej iml ora (ent1h~

c",iis of the constant Changes of attitude and Tie vprtical "S-3-n4mneverIsentered "i the
,o\er thrOf ughlot the 1.etivel. The fl'eienc, same way ns (lie veml'(mi "S-2." It c(nihleS thie

,. :., (of t])*ese ('tt)g ,<nece;ý,itates a rapid ,-canl for ae_ v'ertic:al "S-l1- and it delinite ralte vu-i'i b~ut differs

m (,111'ate Control of the aircraft. from tlhe v'ertiv'al "S-2"" in tliat the (lirection of
the, thirn is reversed at the b~eginning of eachS~~~Vertical "S-2" c'et

r;Ite of turn fire m;•nt1:,illed thro)ugho)ut the 1111- The, vertical "Sq 4" immmw.\er U4 en)tere(d in

N mv. ally, the rate of turn is one-half the saniv mamimr as the vertical "S-2.- Agai), it
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1.' :l coohbilat nti of the vertival "S-1" mid a deti- il,. All zi'tihl itstleltI. ire tl thi'ouglt-

title rate turt hut differs from the vertical "S-2" out the lplttern.

mnid "S-3-" iI that there is a sit11taleol-Z cl-hinge
iit the direction of the tittn with eacil ,,tntge of sTEEP TURNS
\vertical ,firect ion.

Aniv tili'll with in ittagle of hank gireater tlann

1 '0 tIonsidered ii steel) turn. fhk type of tttt'u
is selhoillo tteesatv or ta(lvIisolble in tout i.te iisti'll-

Pattern "Y" is designed for practicing the Inient fli_,,ght. Ilowever, with the advent of all-

procedl' ts of the \:lkaoted pli:tsk for cotl'iltwiig we:tthit itVlt'it•or nlit'rfl, f roflhlinc ill per-

ollost of thie maniieuvers previouisly lperforiied. It fortiiiiig st.tep tnirls has l,'evoitti a vitol nie'essitv.

gives inval titble experience in plannitig, preci- In atl-weit het iitercelttion, steep ti'is ore toutilie
S lo t t im ig 6n111 1 la linta i lnig orie nttation , "mid c0I I- :111d lili ýt es I c. mt', ip lislied Nith p re c.isio n . A s-tee|p

.nIin tat ion of procedure turn'i leadill'u.,s. tl' i l o l Il t .l~ le l'l o 'il(le t h • y t]

h ie patternl may be started on ity heId icgt ability t i quickly :1tnd iti-tdheY to rapid

bit for si tplitication, the intitil pract ice should c'ham-, *( il ' itttttide.

6.e Statted oil it card .1i1it l liedtuing. The timinf tntry, cotlrol d oting the tpni, snd ret,< ety are

,houhtt begin when the second hand is otn the 12- of -illlve cll :llrl- titS till and recover. are

cli -o r.t it( siiilW t11t SUVep t01111S5 Its ilt iO01'tlttil 0uib oW-or ,o'(l,' I,,.ith on. All tur ns, are 11:.' , ler- e v-er, it I s nior, di fflic lt toc oli t rol tl thellt lhttit ilde

\Z se~ lti tillin. The hnhigis c lise, ntve-- he thuile bl.,iwimt, the ver ti ca:l lift .d -oit,''lls~e s when t il t- anglle

for eauch leg M I'Is when tile linheol O)f'e~iiS df batik is inicreiiased. iN'tIt sOith s loimOtt ilo I ica-

turn lilts el dlap' iegatLit•-'s of thi lt-aldk tltitud t hr s, lil-e ;si.oti dntiring thle ttl'll ,adds, to the difli-

of the aircraft. T, e airspeed is chatged (lurhtiig 'tulty of tnaihitiliniig the desired attitude.

Figure 9-20. Steep turns
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The loss of vertical lift ini a steep t urn results 'l'he greLter the altitude, the closer yori true air-
in a tendency to lose altitude unless you take iun- speed will come to the limiting Match number of
mediate corrective action as soon as the necessity is your aircraft., while at the sanie tille the greater
indicated on the flight instruments. kpply power altitude will reduce the indicated airspeed so that
its neccsaryN to inutintia airspeed. I lowever, start youl are even closer to stalling speed, Remember,
no correction before the necessity arises. Make too, that when you fly at extri'nei altitudes andt are
all corrections on the horizon indicator even possibly engaged in the violent, maneuvers of air
though the precession of the instrumlent is aplar- combat, you must often refer to your instrumnients
ent. You do this by noting the need for a corree- for orientation, since the ground and natural hlri-
tion oil tile vertical-spe,,d indicator or the alt ii- zon will generally not be visil)le or miny be hard
etvr, a il then checkin g thel attitude as indicated to recognize.
on the liohizll indiclitor. imike the change on the In recent years, manufacturers of aircraft. in-
hiorizonindicator froi t 06, indication. After you st runients have been trying to produce an instru-
hatve made this change, ag:-in check the altinieter nielit presentation which can be interpreted rap-
inld the verlic:1l-sieetd inidicator to deterniiie idly INitholut being con fusilig, and wvhich w'ill help
whetther oir it the correction wa, adequate. the pilot stay within the accepted tolerances for

The recov'ery should be smooth and at the the maneuvers involved. They have finally pro-
iiollizil rate of roll-out. As the aircraft is rolled duced the non-tunilbl ing, electric gyro-horizon, or
tint of the turn. tlte verlical lift will increase and horizon indicator, which can be used in all itti-
the air,'raft %%ill tend to climb if you don't make tudes of flight. When properly interpreted, this
Ile ilete ,-cit correctio•is zili S it I t N .ol llote ti(e i t mont is F ,, t v'hihle aid ill rough
need on the instruinents. Adjust. the power to weather or conibat nianeuvers.
miaintlain the desired airspeed. The non-tumbling horizon indicator has been

the target of much criticism which it does not de-
UNUSUAL ATTITUDES serve. Some instrument flight schools suggest

that its presentations are confusing when the air-

The imoportance of pilot proficiency in recov- craft is in all unusual attitude. Some books have
ering from unusual attitudes cannot be over- stated that it should not be used to recover froim
stre.--sed. The one outstaending cause of instrument unusual attitudes because of its precession. Both
flying accidelits, as determined by accident in- statements are wrong. Any other methods set
vest igating boards, is weak pilot technique, or lack forth for instrument flight recoveries front unus-
of instruinent proficiency. UVimtsal attitudes
from which pilots do not make the proper recover-
i,,.; o(( II. so fI,'iutn'tly tha (t practie• (ad mao.terey
, the ,roced1 ,i;CS for recov ','inlg ,ron ufn.u?&ual at-
ititt. •II-( a a priiar1-/ rtqU W 'CII ( 11.t.

An uniusmiil at.titude is ailv attitude of the
aircraft not required for iornuial iistruinieiit. flight.
It may result fronii one factor or it combination of
.'%V er~ll flctols. smt-h a.ts tulrlolleine, veirtigo, inst-ru-
inenit failure, winlgnien gettinlg lost from fornia-
toil, c'onIfusion of the pilot, or carelessnes in scav-
hillig the ilnst -unieiits.

HiWh-Speted, high-lalt itude flight hIns nad1e'the •
iliiiiil -lla :ittitlile lproblenii (. rI'iililly criticnii. Ye0
lllilt t'Xe'iti I -luSticr vigilantce ini dviectlion ainl re-

co'.trv fiou, ii m miiitliitl attitude Ihciutise the de-
grePe of ei'I'w t1I hi bahle it Vour ITiC'overv is lower. Figure 9-21. Non-tumbling
l`a il iltlit thlh, erti l Irc , irll uivklv Iiii v ht faltal, gyro-descending left turn
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uala tt tidties are too1 slow and complex. The non-
tumbling horiz.on indicator offers a single inst.ru-
nient to guide ,-ou to a quick recovery, with a
preliminary air.speed cross-check. The needle-
ball !artial-panel recovery from unusual posi-
tions is jlist as anti(luated as the needle-ball
aiethod of level, instrument flight. You can use
the same method of instrument scan for recovery
from an unusual attitude that you use for
straight-and-level flight or for attitude control
dh ii ig ini,,eui vers. such as for a jet penetration.

As an example, consider ordinary jet instru-
ment maneuvers. Changes in attitude are initiated %_
on the horizon indicator (the non-tumbling gyro- Figure 9-22. Inverted Right

morizoni), and the aniounts of such changes are
checked an(d noted on the rate instruments, specifi-
cally the vertical speed or the turn indicator. A
cros.s-chevk on performance can be made on tlhe increases and the allowable stresses on the aircraft
airspeed indicator and altimeter. If definite rates become less, this translation process must become
iare desired in a maneuver, the rate instruments more rapid. At present, the non-tumbling horizon
are also (considered perfornince cxiss-check in- indicator is the one instrument which gives you
strunients, The attitude changes, howevetr, are a picture of your aircraft in relation to the earth
really nile on the horizon indicator, and which requires the least mental translation,

Cer-tainly, when recovering from an unusual provided you apply a few simple rules. Before
attitude, you are not concerned with performance considering its use in recoveries from unusual at-
nor are you interested in either rate of turn or titudes, however, consider first what it is trying
rate of cliib. You are interested in what your to do and tile items of the presentation which it
attitude is and how to recover safely. Through uses to do its job.
use of ir:strument aerobatic training, sometimes You see two movable elements through the
called "confidence maneuvers," it has been shown front glass-the bank index and the horizon 1 ar
that pilots can learn to recover from all sorts of (Fig. 9-2,1). On the case there are also markings
unusual pe:itions by using the horizon indicator used in coordimit ioij with the bank index and hor-
as the primary instrument. Other instruments zon bar to measure the amount of your bank.
(besides an airspeed check) are not used until the These show 10-20-30-60-90 degrees from each
recovery is completed and oul are once more in- side of the zero point. The bank index always
terested inp lerfoimance. There is nothing con- points toward the sky-it tells you which end is
fusmig about the horizon indicator in the inverted up. If the hank index is at the hottoni of the case
or other position unless the pilot is unfamiliar (Fig. 9-22), you are flying upside down just ex-
with those positions. actly as the gyro indicates. The horizon bar

1list ruiimenit flyiiig, of course, consists of so in- moves across the face of the instrument, air'ay8
terpreting your instruments that you visualize at 90° to t~e bank index or "pip." When you fly
your flight condition. If you had a tel,,vision il a straight cli ni), the horizon lar drops down
c 0Iera on the nos1 of the aircraft which showed below the miniature aircraft, away from the bank
the (- ~t'lh in a 18N00 pre•entmation around you, re- inlex, toward tile bottom of tile clase (Fig. 9-23).
giidhess of weathil, you wouht have an ideal in- Thus the hiorizon bar tells you the hos.e position
Sti ieiit flying aid. Having no such instrument, by the I-hlatiol of its position as to the miniature
you lut)t trainslate in your mind the readings Of aIrciraft and the bank index pip. Ili this way, the

* yotr instruments so that you visualize your air- horizon indicator provides valiable information
craft in relation to earth, As the speed of aircraft aboit 'or wing p).i ition, nio.e position, and sk)
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positi,0. "With this ill, III (id, 110w look into these div,, th(` bank index will preeess aroruind thu left

fin :.sic conlt•id( raltions ,lpplied to use of the side oftthe ZI()vilt.S'. Ilis is alit( iiliiti i i rl d iitid

lioiitzol ilidicatol' ill uiiii1still flight plO.itiolis. iaild pl're-'llts ItO 'rotll ii'.

1. AlIRSPEED: Check the airspeed quickly Thus, you haive it simple inethod for recover-
bhfoir, on make i y cilvove to itcover froiti ii lili- in1 fl'Otii :iLly nliUil aItittIde I)II Itsilig the lor0-
lIstl;il ;it iittide. If it i.s (itltil.l loilsl" low, til.' call- ZOII 1I1n lic'Lto if t You lh o Omw' iof Oile niowt-tI//t-

ionll before inakiloZ ail' chalwei ill atttittlde. Add hling ty/ex, .sueh ax thie 11-5 o, J-8.

loJletJ\c to 100j.i-, al hJ1wiiig for th(e slow acceleration 1. ('heck airspeed; if it is excessive, reduce
of jets. If the speed i. 'rnngerousl' high, exectute power and extend dive brakes. If it is low, add
rled .i- at onc_ bcff ie Speed iicreases be- 1010% poer aid begin recovery simultaneously

ltd M';ich ]llitus. (liptI,ill.; dive bratkes ani vutti ng" Ind quickly.
po• I •r til- li IIi it, "i'.,lived 1. % iii safe 2. Lxecute :tt it ilerott roll )Lv piftting the

iIliat lVliiL! iiiu i its. t pref-llts niio jroilui`t. stick over to the saitle -ide of thu inirt'rtift ais tle.
"2. BA N K IN I )EX P['P: I ft he niioivlde bank- bitilk index is on the face of the horizon indicator.

illtdex pip pper s Oil tilhe top hallf of the caseI- you Iolt.11 it in roll until tiu baik index shows that the
itlt, 'ight ilde t•p. If it i o till, bottoili of the aircraift is right side Up).

o';I-nc ' y ' i ;tI' O11 voill" I hak. l" tlpsidi`-dtwii. Tlc're ;Ire t\l\( cliss, tlo.wev (i, li i'rp anll lii-

3.N( )Nl'( P)SI''I()N lit Iormioti or iverted iitelidtte roill-it to huvel-wigpositn il is not ad-
flight, \idite the tilliri ilte aircraft is hiutwecit thie v i.: l)kCe. Both o('ccur when tlhe nose is extremiiely
hol ,t'ý'lri barll midil banl k index,., tilt, nose•( i.s high. liighi. W hen it( wrrh(` iiilt~l is rigpht side( ill), but

W hl,,i ti;e liniii li~fie ;JIlk-nit'if is i1(,f b0 %\v(`eii tile tilt- ]lose I" ex ri'll el iy Iligh• Nollt liiUl (•itt co l'l. tile.

li,>-izi/ ; ,i" ;iii Wink Mdil vi x, thu(, ti',) 1' low, 1we pOsit ': h t tl ))ill" is

4. WI\il(1 WAY\T() R0 IAl,? Ill till it- ineaIr thle hottonli of tile I :Ise aiild tIh), kink index ati
itcrtei si)if)tl, when tint, bank index is oil the the toil. Inll hs sitiation, roll to til 90)0 plositionl,
' id,,, 'of the ",.e, r-(,!! to the righ t to regaiin let tile nlose drop throulgh to thie h'rizon, an(l theln
'iiigllt :ih, 1ip) pi•sitionli. Wi\'liel thie haik inidex roll out. If von w(`le to level our winigs fiistl
1 fl il ih,!-ft sidht-of tilc .t>, • t.dl It-ft. Ill 1i'i(`fill youit coulld noti . getl it e Ilios.'- dowl\l flist telililgh INt

itiini tiVr'ltid itioii, roll liv pttishitig the stl ik ,Itisiiig ft -i,•irld-stick hieci`( isi' of tie r'isk of a
arodii' t thiebi' u k inidhex mid .)itt will :ily'tt i• o roll t it(-(itit due to l'egAtiv -(i. After' '()li roll to tile

ill Ili tlittiteslt dlir(`tioti to ailt ulpr'ighlit po ition. 90)') posit ion, th iniik index lioVe, lin 't (direction
"iX'41h II(`.i t. i t'I t )i', '55ilii I'eliIlll i i t, lt l (lslp iltŽ to t lie d t1( ioni of roll, allt tihe lhoriz-oiSwit1 ii i 1W ;i i-'lift iii i i -I l V ict ( ,l CIiiii-of Verticil hil" will ibecomellii• "eti t" ( le - ('or le et 'ete l andt iertic1

to lile ('0i5_. Ulpeoverv frot hil s thi. '' jos-ition tift'er

thi nlose, vOlills to olr thiil•oughii thii( h rlioi nit Iittl

IiliLlit'll V iii ig airspeed is obtailned is til siltile as
"-fl ;I ll li e I*ll iist l o1 ,sjtioll. W ltt' ll lilt' I SA,

it is hgih but Yoiu ;ic iilnl'rtel, 'tlli ,isi 'ome' I the
S104 po.it iont l irsit. I lure it i' ti eItisi t to Illuj i" I1 I k

! ll' tll ' si , k to hi'iig tile ii•`e to OrI llill11 l1oli h ill. horli'zonl, ill4ill'-ilig Ill ttlit 11 t11 l\'(`lilig
S.,-----, •l ~~liii'.',pettl is• oJ 'inn ttne!, ll~wnl I-'tl~llgi t ti t(' ;Alole~'(.,l

dire'tioll to lilt nipl'iglil posit l Ii N t. jipiliitt1 .r tin
t .li,'l ljidli.x

"] " \lt I g II v Illý ;,s 1 ldt'.d .t Ih II'M l I i

Figure 9-23. Straight clim b W.it i )l. i•t, .'c,'t fi ll •,l i tlt I-l kt iI (I I 'tI
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I,,. 'i,,:_

JIjiost' andii result of Sucth trainin1w fit d~eveloip

(onlidence il11 "t pilot's ability to c(litlol attitulde
under :11l conditions of fli.ght, Inc'ludingz c',Illat

J(ill(Iit IoIS, Withtolt referene t, tilt'e V'i-ii.il horiizoii.
"'l"}lse , llltlleli\e'. are. in fatci n il i r iln ent lit r -
batics. TLhey tirt' made lOS(ihle 1)), thy ill Ilt,nl-tulL-

= ldlit' g yrlo-hlJulrizi

Point Rolls

SThe first exercise u..uallv coinsists of point
Slls. 'l'l.-e alr intended Iot pratcthc ill toi11"ol
(J wing position (bank countrol) without lijli

.etilhliatis o0: nose I sitioll. T yielt es4tiitlilyV
:,itiiler,,ii rolls whichl iii'e Inillielitrrily ]u~l.tlte IJyV:

"Fig jre 9-24. Left spin 
--lie-Ota I at IIS Wh i lt .' l 2-iN t tCll in-

-•,. " ]lie~ita•tin at v ' I mu•l<ints. T hei :2-1p ,llt 1.4,l! Ill-

)l\'es hie'itatit , iD V th" i11verted l,)<1ititil. "l',
.1• .- l,,,im roll reuIll.I he .I-'it lti , I ,1 1t elict 9 1,]I til .,4i -

checks. th, illn-till h,lil,(! hIOi/'lln iidicattor is the tion. Ihle 8-poilit roll carries thie pilot oil to hIesi-
(Jily lll-Il'lll llle t 'in ha;ve to list it) It'(•t'e" ll' ;ll- tal 10lls eVery -1-5, dtll'ilr; the roll. 'lo plevent illt

I'rximiatel ltetl I tilight. Yiiii dion't hl've to riwke excessive lhi.s ,,f altitilt', thi 'latte of roll shouldI,'";t l lll"I'+ t:'-IIIill• ,i~e k ,f ý.-errvia jllstl' nllllel Il l.b sligzhtly il'e s' oven" HIV sinil1h, ý6 0er 1n 1-01l.

'iuitil Ol, li;t' '!ctov't'Jiv' froii whlat nIay he a Ike all the coiltidence lmneuv'el, point
ln lge ionms at t i tde. 'oil1s should be made in Ibalanted ili. ;.,osition

,(r (Jil'e4e, tihe Illstl'rlil'tlll t 11•" 1 t el td he bill ill tihe cetlielr) und the heesit:,t w.1S sllittld IleS• ,.x~ac. :tual :titlhdlt. :it ýIll fillies through Such very brief, Ill all) colitidelice a~:n.,wrtvoid

xtrt t-llnt :atfilllidts. Ihiwevel', y rt. liir iii m olh e pitllitg Itegltive ('s. Keep the F,)sterior in the
,-,,i1' nkd I \it lh,\ lo ge.t ot of ymar lr'dicailient swat. Kvep your feet on thil riuhlers at. all times,

* than you are ill knnwiiig yourl preise lattitute. realdy to lmlke nec'essary dj list Ilielits to hold bhal-
'l'his s•eil i\eg :l 1 1,i,'k 'uhe-,,f-thmilb answer atice'd flight. Avoid excessive stress on tile air-
i,, ;k ,mlestilii for whlih 'ml walt Jilt anwet with- frlame, and keep well within the (G limits. Ob-

wiit \-:i t i g o1 it11i: )Yý s. It is aiiioi t ru1e tlilt 1hltelt Selve t le i'tllte-Of-rtl lirl jit:, Iere el eri ,0eipe-
.\'i do, I,"'<\te. lIt' lizon inlicatol, lnily riot be ciily trw, ]iliitatilt iMInposed w\it', tip 1anks or
1,:1 ,,,lie.,. but it iftaLst ,,tm ti e ri ght side uip V'lnlerline i tanks iiiwtalhed.
Midt ll n, ý; " Itel,- ]evui flighlt. hi thm t,'11,mlil,)I,

J,,t ail P; i ,--' '(Oir attiiulde ,'.1 list, of The Aileron Roll
I!'ll f,ill lcti,'] J, pli- t~ m, idI h'. k 'I'.llll -. T e atile, 'i I.,111l m st bv. llt-w.ti,.edl hefore

fl l, :I !-i is- ttfl't'ctld bIv tilt.- * i] , it, pliansis need not ,e i,111 led oi
""i i,'J l'- iii tist:il fl;g•hi. .\ Sl ii is ii,,l " ' I ' . ,t . .... ]i.tsit ili ( uluitch Lo llttli) until after ],,int

I'l) ,'\ t i',lt'tl I b'' •'ali igiL . lintllt r"lls , lt' Ir• t 1i ltred. A fter po1 it ;.oil trail lilig,'<"'i ~di~pla-l m i~ i~t!~ ,,if Ill! m'lll, hIr li. f'-.; 1,l~i~l aHh'e <,wi v',l - ,,•;t', ltg ,iI,.ll rt i )wl ill ordti it•)
+,d'-"g b)-l ... f :11lit m he. n11 i ' |} 0 ) ,!w 4,f IIt i . dirl, l ![ 'Otll.- ,,• llilwmlvr nom f v~lt , .' p': lo,+ll c'olitird• vo'| in ilutd wvith the
Slh,' I+,, 11 .,i, l dl ,:t , .l-.h ,\nilit• I IZ It ; 2 t \\% Iq! (tru nk ) c,,t litl. 'Il, ,.iitt-ir tl t'ilt, llulo l roll,

l, a,, tilt, In ., ;t ) Ilo h .1mv thilli 2,000) filill des•'celt,

CONFIDENCE MANEUVERS :,ll,,\ti, ,' :i,"]l,',.I i, ik pIi1 thite tlt.esiird

, ( ' 11,,,, 1-,' 1ct l,,;a , .•+ v l. a rk, ;,t; 111 l,,,,1 ;M t lt lI , r ' 1t,,- lw,, ,. fl, i t+ , lh,. -A' Ill; ý-, u ,,llm[i % \ %x Ill, %% 111, 4.
ff J't iii 'll iJ,,.r l ig I ,ht tI:1i(JilJ . it J I'.' 'oi 1- , hif. l illit1l 2'7, tbho t ,e IJl izJ.,l. t'l' hl ilS

i• l~p acl' ' l'edi I ',li 't'cll Int i, lil 1 -ll art' t l (,<l~li'll.,-d ,\itll O Wt lle Il Z(Jll 1) ill ;Lh W J' bIl ilwh ll11i•+,.t, 1thv Itl ltf lli

=-..++- •=+. { , ,.:, I' d ! n 1L, ~I-u.,l,. t~ h F l ),,l' Z,,I, li 110 :11 ,( '. 'I' .Iw; )f fll, oi zoi+< i/. indlh :tl r ,i~ i ](M .) 1 -I:ix tk ick ljrvs-
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the TV-2, 300 knots). Bring the nose up and be-
gin a climbing turn, increasing the bank as the

- - airspeed drops. Roll to the 900 position, being
careful the airspeed doesn't get too low (for the
TV-2, not below 150 knots). W%'hen the aircraft
first reaches the 90' position, the nose should be

-high enough that the horizon bar will be at the
"bottom" side of the dial, as in Figure 9-32. When
you hold the 900 position, the nose drops through
the horizon until the horizon bar is about 1/ inch
from the "top" side. (The word "top" here means
up near the bank index pip which is always "up"
toward the sky; the word "bottom" means down
and away from the pip which is toward the

Figure 9-25. 900 position in left wingover ground. However, in a 900 bank "top" and "bot-
toni" are at the side of the dial.) At this time
you should relax the back pressure necessary to

sure momentarily to maintain 25° climb, and then hold the aircraft in a steep turn, and start the roll-
start to roll. Adjust the rate of roll so that the out to recover. The rate of roll on recovery should
wings will be levPl in the inverted position at the be the same as on entry. This is a manouver in
same time that the nose drops through the hori- which everything should be smooth; to some ex-
zon; that is, at the time that the horizon bar passes tent, the aiicraft will almost seem to be cooperat-
over the center dot of the horizon indicator. ing in the way the speed diminishes and then in-
C0 a tdinoe the roll, and recover with wings level creases as the nose falls through at the 90, posi-and nose slightly below the horizon. A TV-2 tion.

should be at about 300 knots on recovery. Main-
tain enough back pressure while rolling to keep in The Split S
the seat at all times (avoiding negative G). The The loop, split-S, Inmnelmann, and half
horizon indicator is primary for pitch and bank Cuban eight. conclude the confidence maneuvers.
throughout. The airspeed indicator serves as a 1n executing the split-S rAise the nose 25° and exe-
supporting pitch instrument, and the tachometer cute an aileron roll to the inverted position. Ee-
is primary for power. duce the power to idle, extend speed brakes, and

raise teie nose as ia aileron roll. When the 1AS isThe Wingover 210K, roll to the inverted position. The nos" will

A second maneuver to be performed follow- drop. Maintain the wings level, and pull 3 or 4
"i ng thp loint rolls is the wingover. This consists G's as you apply back pressure to recover from
of a steel) climbing turn, in which the nose drops the resulting dive, until you are back in level
through the horizon as speed drops off. As the flight. The horizon indicotor remains primary
nose drops below thit horizon, roll the wings to for pitch and bank throughout.
levt.l jritiiri, a1111 the airti-aft will recover i I a
straight, but. not steel), descent approximately 180V rhe Loop
,)l)positl, to the heading at the time of vntry. As (romplleting t i loop requires greater l)powe'r
ILa 'onfiid,'i1't. ir 1iAi uc r, it Fin pphasizes nose and nid speed. Applpy 100%/ power, lower tie nose to
wirig 1,-11t1iou unit l'o rather than, rteovery on a irachi 4.t1)() fpin desi'eJnt, and hold it 1nutil adequate

H'j'j; iit heading. Slliooth, ort'diluited flight is thil itii's)eed is indicated (fo' the "1"V-2, 3,i0 knot )•
Miln. Puill fiti. Ili,,, up I) tl Oll(t ough hlAe horizon with_

'Yo vrutji' a wirigUvel in a jet Virc'raft (il ilistrI'- obout 4-(i pullout. The •ings just be level at this
il nits, rise abouat 1101 po",ei- ill deseending flight 't age of the loop, for t]hex'e will lb litth. opliol'til-

I .liii t(, 1.51,) fpml) to pick !,J, suitable sped (for nOi. to cheek the twing p'ItIh'ii ngaini lwfwor ill-
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wrIted iflight is obtained. During the vertical stall. Again, the horizon indicator is primary for
stage, the horizon indicator will precess, the bank pitch and bank.
index moving around the left side of the dial.

Wheit inverted, recheck to imake. sure that the Half Cuban Eight
winligs are level as the nose drops throuvih the horn- The technique for executing the half Cuban
Ze; reduce power to idle and extend the speed eight is very similar to that of the I eninelmann
brakes as the nose drops through. As the speed except that the nose of the aircraft is brought
increases, maintain 4-G ptull-out until recovery is from 25' to 30& below the horizon prior to rolling

made in level flight. During the vertical down right side up.
stage, the gyro will again precess around the left Before practicing these confidence maLneuvers,
sle of the dial. Should tihe aircraft shudder at you should be familiar with the plrocelures for re-
lmw speeds, release back pressure to prevent a high- covery from unusual attitudes. Practice in re-
speed stall. Be careful not to pull too may G's. covery from the more extreme attitudes, however,
nor to stall at the top. Pull the nose through ttand should wait until you have mastered the confidence
r lvQe1 er prol hpt ly at thlie top of the hloi•, maneuvers and are familiar wit h nost of the un-N'tillce indiction ofni~ lit horzo topcto ofuringop "

T'le horizon indicator, as in all of these maneuvers, usual indications of the horizon indicator during

is primary for pitch and bank throughout. The aerobatic flight.
t!1chonleter is tirilllary for power. By the time you have learned the confidence

r faneuvers', which are really aerobatics on instru-

The Immelmann nients, and have learned to recover from any sort of
unusual attitude, you tare ready to control the air-

Thle minelmainan shouhl be a natural after you craft at. all times and under all conditions of
have utastered the aileron roll and loop. Start a weather or combat. The remaining part of instru-

- oh,,,,, dt,?-cribeud, being .tu re the speed is adequate. ment flight training concerns flight planning, use
Shortly before reaching a level inverted position, of the airways and ground facilities, and weather
Nwhilh the nose is still somewhat above the horizon, analysis. Anything involving control of the air-

Iart. tile roll. This should bring you out at level craft. by interpretation of the instruments will al-
ihizht. If vou niust err in the point of starting the ready be known to you and you will 1e ready to
tol?, it is better late than early, because if you roll apply your flying ability in cross-country work in
out too early von niav comne out in a nose-high all weather.
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* COMPUTERS

VIP11S hatercovenstie. omlier yu ise andl( how to compu~lte t Iei tnke-otl C. Gi. It. alsoT ohIIflight. p ailugI~il~l til e actlial vonl- cov4W5 the pu; poJses and iuse, of the climb anid de-
d Iiwt of tefih.'liesbjc .Mi" etyit clttbiltrsadte tSl optr sdt

It%( 4 pius-tiav igatitonal compu)LIters~ wiid perform- plan jet fligi uk. 'iii is involvyes a discussion of thle
ii file cnlci~~ilictin.pr i pies of crl iý4v control.

'1 hie only nayvigatinonal comtputer discussedl
lcri isI t le Et)(A, ~ - K.Noine of t-he

ru vi pd t i ,tng h(uard(1 ali' d sculýSed luce 1vituiuie N VG TIO U
liluluhi of till! dhiscussion itlolit tho bt' D1 applhie tsM NA415O C M UT

Nwell To, till' plottin~g IHJIId-l, lltsj(IP you jutohabl'y I'ihe E (6I) ( \'N ~ -5SU-, Ul~kE Iidled fihe H-10t)
ki:uj%% till- Nlk. Ill or NIK. V hmirudpi well fromi i-4 [iiiily it comb~inalltlion of tw de) (1'Ices. ()Ile 81(11

(ht i,- an 00(1 el plWE!ot tinig bo0l141. lire IIuA-i tile is 11 Slk'iall)v detii4 'lud N-IIe~ for the Soluitioni of

-:!i, %Y di f fel-lig IloustlY ill sizv, lmi -riat'i l, 1111d NvId probluiui; til, i. d ol s known a, tlhe minid
SAli II IIes ut I tue it l 0Slills, Illuowti II- t lieslide ithIe fav'e

*u fill its j1,1inifun-iiiict' caLlcIItI0at On,. 'ne itu i 11' Utincain slid . mlv for. till sotlution (if lIm ictI -
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Side Rule Face
A Fo l io,h 'uh i.. t Ai~indtardtie% d: Ice for the, lilt, ,,

2•P ,I ... ... il -<,l~oliil if" vn -lol'its n121thelil t ,'-•1 pr,,t,- r, -.+ '.

I I* *i.t -, , , , t ' 1 )0 ý,!io llt' i lt ' .- fil I ir l '-h

WLt i,) l". toi i.t-ii l lht tt of fil i t e ih .•iuhWil i o• -

l~t+li+- i. Il e v< l I v opri l t vh I)I tIt, I<+ mll~"l ,•lrs ifhlop i -

li-k, ;I ýhleth ylleh . Sl4ide, a'h v.+ e either sti6.rtl iht 0"1,.,L•' + +" +

I ;! ,!i : Itt ;, i t m )It o il t ' l "|iv m ll itiler i., of the' (-r•I h r.- i - -- '.. '

I. I I' . - .f

-, ,- ,I , ,,,' r .ilir .- 'th - - < lt t ti- i' .t e'+,- ] ' '" ' -"+,.. .- ' • ;+;

i\ +. •-I 1 I I. I I t- to h i t I l other a ro-

I: lii :1 rei f I Tu T 1 111 11 1 i tt I t( iio ~t'. 1 i -: t 1 I, t (Ill.

fi, it.' s' h ll ill i t' i i1 ' til l' t ' h tI. 1li t tt i "s" "S A >.. .

I:,,,'.,I .... I jl,' t it li i .l li f ' ; i[. I iiill it i 'tt of bilhth
1, ,!.. . 1 1, r~' ,:1Il. T h , 0l1tl ltl ,l> Rit'| Illliil- Zq .1 '•+ - 7£

I,-'i, Ii' i t,,:ij'' I! ; 'i, it' ttl ; tils I t' i~ll tit sllt'l'i' il- ie's+ +••+ " • - -

.,. 1,.+ _/.t, ;t> Owit li lmobvrý lncv.i ýýt,• ilit ýIzv. Not -• ' I " :

liti iiii iht~'~ l- ;Ii't' lllll(~ 'l' t :2. ]l)XO'' tllti f4.ti ' ttlit't Fiur 0-1 F indn 278 on--g t he __..a_.

I- I o i' i lli lH i th e 4 'll'lit'i tll' iS : It'-'hil1tjtl+- /

"Ii, _- Ii'i II , I:i ' 1 t' 1 \':o il l: ft' lilt' I lltllt'' i i l tt fl wllnt'.

II O I -v pv

ii i ' ii ti' i't: , I 'I ft%!i ltt il irt' '\ii t It T ti ri '

•+ lit- :In ll , v ill' k I I,X~ii~

i 1 Iii i I I Ii1:, 'ýIi I lolt \%cit'. 1 I f I Ii -t- itititi X I PR BL M ON TH SLD RULEo

t'.i<'ll- ;ik. 1+,Ili~l~~t'':- li't \(''i+_.)Figure 10-1. Finding 278 on the slcale

i I,,:lI it ,I,h \ !()I)'- I lha t tlht, :I - viitl i litv't'll ii t d i', te d iv'i-
-~l'!-ll; :i'., I, :il'r "'11. 2/.-1'N, :tIIill[1 "! 1 Bhe~t ,ten 2.7) m otl ( li- li,\ot ýJwlnt<' l •.'c l(-'>. O neI ..; i:mIlirl'ket' -P~'o +A ll, Spced~'

;'•l,'l'l111J1'. illl .:.,I., "1 lthorl . :,lr'v fi~ t, 11;..lll ril h~l l \ki ol S; C oml~ll l oll~ tll•'- jtitld is tl•<tet fort ;illl )] , v'i ll .i l |telli-

-- ,•'.. t. , !, ,,I t .,-• i- lil'vi-fi,l'r 11.2j (i'f lilt, h l'tir I Itiv , m lt. t-rl' ili'c illitd plvll't v - lll t I titl l ,t to() 0'O - tett fht(- :III-

I t i- , ,l -1( )1 :1, 2i '. fIi l'- |, il'h fillF AE, -7 f,,. .+'- ., r ,,•+ Ii , _+. t,," _>-,• ) Aii t itli-i i'' Il, \ titudh. (C • m lifliill(itl'", :1 (l ,ll 'i: ' d I.t< fo)l. ;tp pJ]I li0

fo wi~ thei Iw t] inigli It ~ ',++iIt

,,I1 i',Ic, ii ,! li l1141 tlIt.i,'i t1'i7l) iti• 1',1:1 ill InItI't t, I I'ti. t IlId I T tlv ý m il r ;IIIi thIld vt o mi l --, ith'

+.'.•P ill ,',,:ir-•,, liutire :lit illlil <li\'6 •io•ll ,lily t'i l I') (-ollill"It, t'ol l h ii. tv Ilitilmilv': dtitit til- 1l|, frll'i,

!• ::• :t ,,ll~i!, -', -it'ch ;i "- , 2 7 .,,v t w m'iu)Ij t~e ill. Iwilil Hviill v'oIll''it )It 'll 'l l' f ilclo II ll.'I hlul ill iligl flightli

Im 2 -, ., 1 11 ti l, l t. | I( ' jo l -, ir .i i

!;W, ... :. ;,, pi \i~l~•,O._ l,',, 1 i mi, ti, l,,>.,t- \, 1i PR O B LE M S O N T H E SL IDE R U L E

. pI'" ,. . , , , ,i, ' . FA C E
It, 1 2 7',,'I'. -o f ill. i Ii ii ll -.

Ill :,i~l li~ m 1,, 1•- lili t'•" t~il "ll illi ll'> " 'li ll'l I11i1i 111 i.\ f r i ý I'tl II('l~ i l ro m pl\\+t't~ l. IS O l l 1 1 1 -

S• •m .:!" -- ld ol l ' f l't < ' ii' ll l l tl' ,ilhl- ti!p '"+, o+ll (i t f lu • ~ l~ill' Ihv'UNth , mill oit l i oli Il , 111
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iif.,:tlhhp scale, will hold true fer all other Iiuliibets For exninth, how lmog will it take to fly 730 inal i-
on1 file NWO s-cales. 1i'his, if yolt put lhe two 10's t-.i miles at a1 speed of 851) knotl .I
opposite each othel, aill other numbers will be 1. Itlac till, 10 (te o. (i/1 tl inllcale op-
ihei ic:ni lalr ound the \\hole circle. If you put 20 pos/te the f/cq lti'd /ncd/ of .t,0 (ko l the olitcr
uo The iii ler scale opposite 11) on the ointer scale, s--ah'.

:ll i1mubers oil the inner scale will be doubie those 2. r p f/,i ,' (I;h-t ( I;0(ifc o ( 7;i .S titicl inl,
onll thlie oilterl' slcze. If voy set 12 urn the outer scale on the ""h r Ae, o .. ad tfh (;/11.on Mr! i~moI w .Xl
(,!ositt, lt; 1on tile in•ner R.kle, all lulnltherS on the h2/,.uu., Ai,; M •.ly or] 210 l'..)
oiuter scale will he i n 4-to-4 relatioiship to nll Figuring out the ,p,,d reqiired to fly a giiven
* nunihes on tile inner svale. distalnce ill it giveti ti te is just itsL i'llsy. ]ION\ fast

Time, Speed, and Distance Problems will y to y h ~ n i' go 2 nittical
Ilniles in one holttle a.2" i5nlioleul•

I,,t I'altItIat iIIs fotI t iheit speed and distance 1. lircc //w' fincl 1.3 1_ r/ f/ tic ill/i. .stwllc op-
l't lil'et] to!' Ilav' i o~ltl are set upii )ji the conipputer /p ,sifl 11h1 - i.,titi'( (2;';'., noio) tell f/• e • ik'ufAll.
;t'4 ] 'ptol'loriols. If pill t'oHksid elr tile figurtes (Il "2. 1`,`ppO.,;!r!111 /'/if" /"Il tl' , .l "(/I/ tit( ýrl'(l/llll

i I l e' 4 ) l i ' " c l . i I I l e' s ) s c a ,I le 1 1 ( i I i l e l . [ n i n i t e s ) s Lc a 1 V l n . ,- / , , ý I N N t ., ) .
an the uplr andl lower parts of a sillpie prop - Notice tl int the i"uiu- i.-,AiP direitlV under the
tiL oi\.s call set the knm)o values oil the laiO1- uiniiuites scale, endls at tell hlours. 'f lis ' makes co1i-
lput-.-, a1lb the tikiio wii \-;ilues w\ill autonmaticailv putatiolis for 1iiore tiha tell hlors mole difficult.lI,, _-ivveh by tile c olopiter. .A'ah,. 'Flil -(,ahl. of ilh( ,,Cllptit, Ivilnlailo ille Saint, Illit

V-,Ir exam plet, ...Uplpse aI plane tra'veled S(I V ,1I() ettIl I eIv iI ei i . ctI
ni, lc s il 1I t u lin ut et s , o le \ a n y Inli ou te s w ill it i n~ to h lou r:+ ;t n l oill lle ý:.

take ti) lfv 121 miles I YoU call sol h tile problem
in a uitptl) prtpor, iont-SO i. to 14 as 1I2) is to tihe Conversion of Distance Units
little re luiled. MOihelatically (ucaltl put it ill 'I'The distance ti'iis yoi deatl with oi the (o0r-

-liter are statute Illiles. niaut ical tijles, and kilo-

8)_ 120 meters. A statute mile is SI.2eSO feet, it nautical
14~ itmile is G;,t)8) feet (or i' of h littide), and a kilo-

oieter is 8,2S0 feet. (about % of at iuile). T'lhere is ia
1 ] hi, fI lb\'llt. 1 (cali1 set til, pi'oblei o)n1 tile 101le- (10li%'t(] ifl,. tnUa ker fot ea, I of I th se uIltils oil thit

lIU tx~tity It. it pilpeaI5. oluter scale: wilitical lniihs, sttulte oil'.s,s alnIdI . t/h e.-/ • M Y, ( i l l . t . ,, ( o z 1 t r "i l l. " S c a led k i l om e t e r s .

. ilotl un ,it ol On i'v),:ih unider ith respective"• ,'z~~~,/-, !,,:. "'I. on/ tlh, iow, € nr'ctlh. VW.'lu that tilt "i•t/-
-w /u!, / / m o w( i t a l ]r r o x ( ) I t i l e o l l t v l 'ý c al l v e. lý c~ t d t i l.he v lp l i l 'n l e n l

: -' zr:,'VIA , zt " p ,,' •," , /" h w n oh t " ( r41 3 r, d t 7 0 0 , .A . ' M e h : d i ,. a lict, IIII'he r tile , d cs;ir ed li it :11-ro w , I og e x -

-,'1t;, -, .:, i ll (co. •. . " -. ,llo t, to f in t , 1 1ticld nile antd Iilolllete! ',. ,;/I to n , -a ll So rl-v.e ~ .' -f r 'o in • :1 i ltr .... i e. cilo k a lell t o ~f I;,)0 s t altut v nll ik e: :

r) .• , l q . •+ t . |' or ex at w ip lc , t h a i : 1 Ip l a m .tlh e .4 a t ai s p e e d ft/ , r o. t lit, c lii; (ir-. l o,, . ( S c c l ,'i ,._ 1 0; -2 .)
-I f 174 kiot', fet-r 4) tiituttcs. h1 ow farth( es it fiv

I. t 'l ,' l a t / o n o i A, "ii"lf /- i / (

P,, 1; !h " .,'i 1,,,7'• ., .. a , , ; /1,,., no, t on. ,, l., o ,i l,.

l")l 'Hln lvh eiru ii I lil(. f'1,,' rcquil'ed lit fly' i

I', 'i\"ir ati ' :I I ',t.II - , ip '. ln : I .s',:l ýl' N : y.
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"2. 1bdr,' th," nautieal mile, ar'our' rc/d thr 3. 1lm:1lly, re'llieliber that tlic cmitllttt':" v:111

1'',1'0);11 to ,iu t/e'l m (ill' J (11J) o07 th; illPlIt be tio Illole. : •til",:It te tti volt are :11)(. till'| 1e141'

scatle. you practice wlsing it, the Iliture prolficient you will

., 11110 r the ./klnetf ,, l)-rar' read the k-ilo- become.
teith ., (20S) oil tfi, ill/I), 811 le.

Fuel Consumption Problems

Multiplication and Division Futel ColStuiipttion probhle'mts are s;olved oil tilt

Wh'ent, you 15'-e the coilimter for multipliett- compliter Is prop1ortiot1 in exaictly the saine wity

lio r di. isiltl, you .isk, it ill the .Ilille wily :Is n111 us (i In -sll ed-dIIist:nrice probIlems. Foi, fuel prob-

ortliii ry sAtie rule. That is, you use the "10" lems, youi use the otiter scale for gtallons instead

illohx HistIA' i 4f thie alte atrrow. In iiiultipllving, of 111114hs :I4l tihe :itt, ;t'ro1 for rlte of fuel coil-

P II Imtl tilt, -I0' itldlex oil the inner s'cale opplosite Stitlllitiotl illstt'a:l (if tate of peedtl. As :li vxtitillple,

Vitl r ouf tHe l Illlll)t.rr, to le Inllltt il)lie(1 oil tile (llter' hild tile rat" o/fw, l'oio'mi)nlptiofl wvhent 140 gallon-s

settle. 1 teoll Xoltl 11'1d tile .mIswe" oil the oulter " lre co -lsilluled in 40 ininuites.
d,'thv. It is till' n nlilt'r 111, tle outer . pile (pio.site I. liace t/ic tim.(; llot'n- (..9 7iii mteUC ) on the

t it- til tIr w l 44!,'rl to4 11 Intiltiplvi'd oil the 0iltler l itm')' 'rilt O.)/4'lOote the fil'ol Com-cll d'0 (d 1 q, !/l1-
i0.h./) Oil tilt' out,'r ,cal'.

Multillyiniw 14 by 46, for exikitple, you pro- 2. Oppo.ite the rat, al',ow ?'C/td the ratt of

teed Is follonws" /ud cof.uelltioli (9ph ) on1 the ou.ter w',tle (t210
1. 1 ,,, 1/. -. 10"" i ., the, inlern ,sma)e op- Qdl ) .

/,sit,, ithr4/' til' t, 1w , w1m6,S'f to tit, ltu/dp/l d ./i s a;l exltmlplh'..4 filldilu flhe linouti it of filI
I M, I t,, w/ht,../ ,to qpi) , take a case where the rite of constilmiion

"2.,( iQ/i,.,fit fi c t/I mind' ) .m to le mnultild/ed is :120 gillo.•s per ltour and the time is 71;, hours.
i;) .- th' ibal'r ,Ca/h. IfId t/ the/1'odwir't (6.;+ ) oil 1. I'hav t/ht,, rate, (1ro,1' f)pj)o.;tk tb,, roh' of

u till41, rcuh.. frti coslnst tito (p3t 0 /ph ) o n thie outer rcMlh.

Wheit you i et ut a dit i+-ioxI Ioi problem on the 2. Oppos-iti the tli-'c t7.'30) on1 the 11)er

CoIIt1111, it a-, )1 ippet'rs exactly tile sittle, as it does *Nr',tll. refi thl totMe ll fw reqtired for the ligyht o01.

lohull lvolt 1tas a fraction. Plhat 1mikts it easy to t114' outi r +w4l10 ( faljfI/lon.y).

visi1liz4 ;11111 rte[iellibe'. In dividing' ISO4 by 15,, To deterliel the hours of fuel available, .oil

for t xewphi,thtliik ,f it its fllohw :t sninilar proce(letd4'. Suplpo-,e. for eXiltnie,

I ~() thiu rate' of fuel consunml)tion is 185 gph and the

"''" lulotint of fu1el available is 400 g:tllons. Find the
Wi;d ý-t! :t t1) p ,ll thl.' etmipliterils fo)llow" : rcilm ilit", fligzht tille.

1. ,/,,,.'t (r' t ,' , I'd ( 1,80) ,, till Wit1,-, 1. Pla,' flit~, ra ft , rol o/,/,f flihth ' ,', , of
" (11,' illl/,. , r'" O w,, d il;t',. wu (1,';) wl, ill, w-,fil". '],. /. / lio r' in ll?;./pt/ol l g,' ,i/p/i/ ) fit li, ut( ''.'~ /'

"O. pl,,x.-i, M I, "]10" ond+a 1,+t,•/1( ll,/ r .w'a/,, 2. O/ppo.xic (lit, anwit tt of ./uw awl , at/•bb (.j'C,+

r , • 1 t / , ! /!, ; z .+ . ! ' . ' / , d )I t / / e , .+ () / t it{ h r Or 0 0 ( y v l k 1r( Ild+ 1 4'• ([ 1 • ' rP i (w i w h Y

IlI Ol, frhlh lilly prevei 11i:111y Off -Cour;e Corrections

Wi~ he l , . l~l] \%w' re llle b rt ( f1(,111ll<,w1:6 1i r l riete If, 1 1 tM lri-11,1itiS m 11-r1, 4-1 v I ll~t h ]v )(,II l c irn-

l,,,i ,t-. ]",t ,';i +'f~ t{, ]dil t, th th~ it~u l.,i It' !., '-.; l mllt ll ;l.l l 11 1,r (i t it -,i l. i t .lil \%i l,( +l s it, ',l

I .'-. I

- l' it, hll,: ,-•,,,l h h o ll .\(HIl , illh ' Il1il;4"1 4(If 4ll4 ;I- t l lr :)oIllP•, it Ii i 1 he c'il .t l'

10-4

r' > - '



ALL-WEATHER FUGHT MANUAL
NAVAER 00-80T-60

vi h.i aive tlowif i u mititljii,, tllie i.nd vowite oy'

nautical 1ih es innie to fl%-, whlnt Correction 11li4t

VOU iIkte to) hl't'tln to Vtll' hI+l'es t.l CI'mse, To find
the 1liswei', set tiup V'tir 0ol1pute' ;I., follows: 71I

_1. Pilaf. ' .... i.l" Oi l ton. / ic ile
.-I//I l/)/IIL-$I(fl Iif h" i'' off coll/(I;c (15) OIL /IIII I

2.n f/u),xr thc'~-~.Ti raalrw rniull lit of
off cou'.se (7') oil th, olitelr.N','h. ThLX (.MUullt•J 1i.. f-.- -+

u/,dl/. )'o, l ,'l (ill atdid/:/,mt lwI ' to yl~t it t.. "I. + '

You 1/0 bwkto or,- . "..3. 7'o f'lIttil• th dditional 'oirrcction .iecessa•ry]' - '; •-

to lp-,1 hark,, Ilyt il. cmr;' Il.,'i. th,, ,ishl;.t fm rellll;+l- •

1.';) wt+. tile filt,, 't :. ..

4. ()//o.ltiff f/i,- ,',r"1o ,Jr ,', r' ,,'t.ui M/Ec (ad fltill
curre f ;olf to r• III1 tor co lm'.,. t. ••)

.;lI do f/i,' he i' tft 'ol'ft;(lfl. to p]I ra l/ 1 l ',0I /'-;
t,, t/, -_' If it tu'-.i'o, to; /,chwll 11) r'ullo' , alld

'/,1) " I/ft a total of/ lj i,/f (it ' 'ctio' f to rtii'lf ,to

',,,'.,ll' ;?I the reni-c ininq .2.'; mtic l es.

FINDING TRUE AIRSPEED

Before collii(lteri'ii thtie )olltiohll of prolblei•s
of :Ihi•)tedQ m fill thle ('oliter. it ight be well to Figure 10-2. Conversion of distance units.

t,'fiew the following" lefinliti,.: (1) Statute miles (2) Nautical miles (3)

INI )I( 'ij.T'EI) A {SIEI) ,I\S)--The Tr- Kilometers
Spee,•d 1\111iti ts reiad direct.ly fromi the iiir.-)evdl

( '.\IA l l . 'l';IK .\A l P l 'KlKl) (('.S.•) --The ('o tput itt • o•l.-. '.. lien set the ftlight level frVe air

isita lt tted t,rr(, 
totltl flit trt rul'lent and t se ttle opposite'/il l'dt itio ll e 'rrolrt'I'tlf l I o'll it'. t-'hSO the iN/hilt-;h'.airspe d oil tie oltl e lt_1

V ; l ll -ih r l e .d ; h ,lr ,p vv d r '{)1 r e ct e d '| l,'[ t h e t 'o ll p rl 't sN i- ] ".+o l (ýX ;I l l p h ' , s ilp l )o ) . t h e , fl ig h t le v et+l f 'lr e e it i t "

hi !ity fl'rttr' . in|ienl'ittiil'v' iS " ( the 1It'ess••t'e 1t1 itude is

'l8'l lK .\ ll l'J';l';l) ('r.',A --'l'lie eqlUi\alenlt Iit0.00 feet, 1it1l fhi eqllia:Ilhilt tir eed i. 250 kts.
ail ul orrec't're h't(l for ttllii l t ire ant' i! llressure "illd tet(. t' rtil ' e .

C'()ll~litlJll.",. t. .• t If++ r .1; tilt It b w/ ficf' ar +ll t+' / rl lr"

( I )I'N D ",I).l I'.]) ( (G -S) truetir'spleed rftltifiradc ( - c') oppoo.f•tt f //t f' r'xrl. /' ,//ifltd 1 '
4,'<, I'vl 'd• f(,:.' 1 I o I Iu~ ,' l o I 1.• , or I! I speef ItIhe n Ir- i opoo•:: it.) ; 1, 1/1(. will +: (I( I1ý r4"1rd.-l,. "' ,olr A.I (I,]t :

4'1':tl t I-. :tll\t 11 ;.1!1 l, -roih .
'W i.'l :.-J• iu;Z fI t l '.' ptJ . d).'.' , ý-tt thet "ht", 2. {:/p, ,-/t, f]hr r'plii,,l/,. 0 i,:;`,/,pf 1 .1 / ( ',!,o

of ti.r. 'H it. If th 'l u• i•iIutf'i \% ll i/ l. , i ll /11,/ f.

I. '111o, if! !w,, w I I , b ) \% I I I:trk ri ". (1 ".,( w +A r,- 1 (l tI'} ' llt }..i tr it I';tI I c t I: )l f " I o f ý ", I I fill I r 1" I v-

10-S
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aairsleed ý iby "ise }of presstre altitkide, is in tile yo eV:01 coute true airspeed from calibrated
0Xuul iep juist given. You Can fi-d tile plressure airspeed instead of equivalent airspeed without
"setting tilt, ,.iieter at 29.92" and indlcing an Latl)recialile error. A.t higher ahi--, al11titude Ing alln th ;hipltl'at "e{ }

I'Vilditng tilt, indcated liltituide. ILowever, VX)II 11des 11111d a irsl-etls, h 'owevetr, yon iist correct the
Vtoll tise iniicatetd (r calilbrated altitude without, calibrated airspeed for eomlpressihilitV.
i 'tthrodi illg o gloo r z it a ll ' .iro ill oll .st il1.,tlliti c s.Ii fligets at h-w althttdes and low airspeeds Solving for Correct True Airspeed

(below a pploxiii mately 10. loo feet and 250 kts) the If yoli found th le t tu h'le irspedl on tile coin-
cot.upressiti litv fact or is very sn.ll, In this case. puter by uisinig Calibrated iiirspeed and want to

e Colrlect for ci lili'essilllit v elrIt, N li. cIll 11st, Ill,,,

chalrt oit tile sliding s-ale. T'hle cotliprvssihility
eri-or is the sante for all aircrraft and it'crv;tses withI
fill -11ll-Tetse ill speedi and tlt alitude. On tile chart,

"44. \ , . .. it is 4(ml i tted for klnots mil is InIot 1itlClla. ill
:... niths por Ihoilr.

-F01" ex:1tl'eO If Vol wanlt to told tile trU'e aiI-t-->- .... t e-s -- (/ ( 11(1 the lt'til
Si sed w lhe tie cailibrated airspeed is 2t0) kts, the

,-.~ ~ ! ,-ek.l'' :111' telnlpe|ratulre I., -- Cot ol' a d tile{ lpressiure

-. altit tide is -4,1 ,00 feet. prloceed as follo\\s:
1. oil. till dit': 1."f sit Ut .. i C(Jli/''i 1.,

'I Il -\ m , / I I/ I tif -- '11 x 1' (110t it
of .o0,90o feet, iud e(,liblu/ed ai,'spod of .00 ktis,

-' - " "i,, t,.~ t,- 1li',')p,,_-l (40; kt., ) ,li+o.r c: ,:d fo,
.\ \ a--,pi _m , /,-.bili.it . (Refer to the Secti ion "linding

I- - t ; t . Trite Airspeed" to cOtipl)ite this plhase of the
"7-, probleii.)

j 7. 2. Ubi"nflq tf c/wuit ti/lcd, "'/"or ('o?,rvot 7'.wjA'"
\T j741fI id (/: )(i' 'Uh•u p'dHt/)ld+"i~

7!!- ' / / oil. t . ;die, .-'Oal' , f ( it the 1om p lt/ , f the . i -
x"'.t ol, of thc twio i ul .llnll 1. , i .lr t thf " pie.sstiif• ."--•_J._•C.. " ,ditdr .•d~~oO a,, r~!,wtcd uirlb."ecd (200),

• [_+ .- :,.... ..... : .',. ._ 7 u,, :/ t~i t ,orrc,'tiui, fctui, (0.96J). See Figure,

S ' -I .4 . "l 3. .ltlt/ti/, / th ,' fi ,c ,l;r.x ( d (ý 4 Is) 't ,) c' , -
....... , * . _ :-1, '1 fou rliO ni ruti'cifd (I'r./1(1(r, bf/ teb c ('o ( l/ (/1;0

'tn'f ,,p o .[ii . )0. ,6 ) ,o.(/ h ' I l f/i t t4 .ii/ rit //le (aib-

- 4 I -, -- , Finding True Airspeed From the Much Number
lia. -:... t e--r+

,'lit, F"6G ) '<lli tet" t S(T _ . l - I 'I 2 I O N • 12 - • -2- t h e, t ,'u e ;i x,'s we d li t k n o ts f' r' ,, m t il t- M a ch l uiht,, ,v

""it ti, 'I 'te& lIi t hlle ti le I t t i ll - l -l. f ( lt tle If'till'

Fiur 1 ---3-. ---+• f Fn in corcto .ri -r ..... i OilbIIsI~.(IIIi il i~l4'i ltl

;Ii n prrslwiltcLsbi t ll. ' ' l\V l ' d, "-.hch N~o."• iii ~~~~ll,,hx" willich i,. v ý;hh, o lit t'w \ilido~w na'~+

" . ~ ~~~~~~"'l",,r Al-i vedc'* :lit,l Dl iqlsitv ,liuh 'tm

.1,

•.• ~~tlt- 1,' iodex on Ille ,milc' :l-. For examtp~h.
,;' ~ ~~it tilt- f'l'•ve ;til"' | 'IllPL'atillI' iS C7 ( ';t il till

!1. ~ ~~Figure 10-3. Finding correction factor for .1~,'+: , ol.'-I'.. ii~ld I heIIr,,t' iir>!w'td {lm'"tý),+"

[ •' €~~~~~~ompressibility s ,, i -. :- '.

•,'I
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1. Nrt l6 m! . ")III, r .cab opjeou te' th, 4 '" "2. )pposite the ,aliiiratked in idic tetld tii-
index ot'1 t he o d,.. a ]/ei arrow uiu'kl'dc tride 19,S00) on tile inner scale read true altitudeS".l[,rvh .Yet. fildr"" will ?Ior bc v;.,ibiJ ill 'h, w'ilt- ()tl theolinter scilfle (21,000, fet.,l).

dow nck''rd "'o . [ c-., nd Pe mitfy A- it,,lde i'l'is is the most :acurltc uietl•od of compllut ing
"C l piif at;() its.'" truie altituit ol the -oplipliter. Anlotrhiri n,mithod

f 2. . t th t 1>/ h t , Ct? fI', i r' tCIl /ie tfI II'rat i t i to u.,e i Ildicated alt it lle ilnsteal of lctr'ssiur'' it]-
c'n ti,/ri ' ( --4.;') oppwi.sic th; "fach A"o. /dx"" titude; however, this induces it small error in the
(t/'JO It'. Sollitioll.

3. Oppo.tf the Match. Itmulii r (0,7) onl thc
;t'apiC' .c-lie. t,'aid t/t' tvic c '.,jrc:d o~t th~e o~t/ Jr Density Altitude

S.,,'cpl ~t t .. ). "]'u ,ih ettiiiliill. ,hisit v l i t tiltud , lis thelit' : alh
for that plurpose. If, for ex:oicple, the piesIl'e

FINDING TRUE ALTITUDE altitude is-i),)0 feet atIItl the Irlie air tetipera-
ture is - C ( v'iou finid the densityv althiludt as

iierc, again. b/efor'e coasidtering the Solution follows:
of :ltitcitde lr hillems oilt the colmtlputer. it tucight It' 1. lit tI o,, . ,1 '',,,.1 (i,.jt.1 ,lt?
well tolrtvit.w thl follow ing deliniiitioiis. 1) i,..it!! .- t ituli: (Com/iiftifo,.¢ (fIhe .,am, P-

INI)ICATIFEI) ALTI'l'I )E - The ialtituide dotiYew I tii,' .for tiree, ril.'/jt't'pd ('o Il /)It io•n.l') , Set
iead fi'omc the altimetert with tile' corlect altimlleter /f ' tfn,/, m , n i'+" (-1-.;,') o/,/)o.w;h' f/it,

ttt ilm , ill the Kollils ll vii llow . ,m,7.,' i t,', ed, I.. \ III4. I'A; ) .\I,'ITY I'UI)I'- Thel indi- 2. po/,I.;t( thr-. , w-. .... th.t,- elfH ,ill m J, wi -

cateti altittlde coret'tetl for' ili.lrtlltielit erTOr'. do'" Irc,'uA d "'l l'n il A/fit tidt'" rm.f:,/i! the lt'l.stit/-

PIZESi'UR: AIlTI:I)I,'-'he calibrated t/f i,,c,. I.oa, fJt)
i- tilt itle corr'ect('d for v'ariations ini pCesntilc totindi-i•. ~ ~~~tio)lls. I-oil dutc'rilillethtealitr

tti~ 11t net iigthedlciit't~tTHE WeI ND FACE
to) 29.92 itlid alpplyiIg, calib~rationl to resultant III-TH WIDF C

dic:t tilil. 'l'lis " 'Ies yiml thit- weight Ilbove flihe Pirobleii s ilivolvillg \'iliid delielt' l on the Sohui-
stnitniihci'l d:itlll planl thw theotret ical point \iier'e 1io of tie wind 'tvector triaiigle. Six factors or
the pressure is 2f).92 inclies of inercuryl awl the tjluantites lval ititilv to: m iill tdireitiol witIo ve-

to'ilper:ttlite .' C). hwit(, trile iolu'se itrai k), g )lulml speeid, true
I)E'.NSITY .\IATII'I-'Y')]-lP iessti ttre I ItItIidi hivathoir,, alnd tvine :ii's1htetil. If :i1' folt' of these

oi',, t'et'cld for v'''iattio , ,of ttii eiratui.e. factors are .iuwi\\i, tihe t hi'r tw\\o c':I bte found"l'l I l'I.: kI rI 'I' I I ) --, ( Iiihrat t.I :thItu t 'IIi ithlt'l' hy grail)hl+' O',mqlut~ltti,,us or )\v iso ,of tile.

S 14,ic'tl ' t'ri for leliii)tall'p Via t'ial iiitions froill stand- co 1ll hi, i.; i t ll t v i l ulp e : r u t l r v , I l l ý o- it l q _h a w l -\ e t ) o it~ ~ h l ') l i t , 'o ni l -

lT'h altillietem- is roiisti'lttetl lto record the puittvi, von pilot tie \Iund ecl'tor oil tiuo sill'facet of
, ', ,l ' ' 1 11.It a t i t le~h t t l t1 d t l st a nld a r d c t ml d ~ t i t ml s o f t ev i l- t h l- tI 'a t ] -, l v ir ln d i s k . T h'I ' r o st o f| t i lt, ye t 't o l y t r i -

p ~ l ' t l l l t ' l l l ( i ~ t ,S ine. i t it , lt ol s p l ih e r .i c v ,O l l d l i - 11l l i vi t i ., : 1 1 r-v a d y t r a't t \ \ l i l l ( ' t h c o< l l i p u t e r t o c 'o m l -
|l,))-} ilrt, md,(]tit I f ever F~lltilt.tille Ilithilef~er ]]el. itc } 'Tlhle p o ll, . "Il'hel(e are .•evtr:dl method"s of -

11111sl•. II~'t bVt t-0()l'l4tt('t 1t f(,l" thjjS(- \;I'i-Ill le (.011- \•l i (, v cfor-t..l q pntldv.msllý tll 111 co pul I T~l(l,
d]ilioll', Ito till(1 frl'll ;ltitldt,. S tllp)p.st,, fol. exalli- hill--lit) I1llitter w h' icht Intll ,hotl 1,4 |'o)ll \\td -+ flit-+
pivh . Ohit fhtv i+'s~ ll'++ltitu•de i~s '211.0,Pt feet. tIlt, 1il:1 l lt-u ,] ti lt- s.atm, if Ih+ tllp v t-l t prort-dt~ittrcs

illtlit':tP) Yl()~t fsIlldsit f'~ ~. llilt, fr ll. tO i udr, , ;.'

l,]+ 't'ri :s |',llus.Definitions

'I/" 'or li o v-, ;1 (1110.- w!till;e-i. it t''l

, , -' I ) ///,fit, //. . /,e,'•'! /q 1-.e,// It- h. 't'his a i nai iiu- c wiilg :im flight rcf 'iir toi urlt
7(l I/ / .. " pl; , e'/I• c1• 1< i: ,'rec'tc I t, II :i/, ld I I clet 'l'm it'
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.004

WIND

WINO~ . ... .?.: .. . .. .-

A
0900

_ \\ IvAtg. h:" | -

Figure 10-4. Definition of track, course, heading, grauna speed, true airspeed, wind direction and spoed
on a map

1,•sisd nowil]rt fu' this flight wthe hugle) wil-, t -i Is le, knowni tts the wviLz( 'ector tove itler.. The

-4& • I " Itit tho jiltl t ()f 1)-.( I hietts.eid hif is,, iif (.it ifhfl't shI ow.-, thiI. s).Lýftvilage II,' . iiiiters of
fi) o .m'i t fi t o ls i l u,0• 'oId lhls ('%)lll \ 1. ll u If'- ((1) ou's(".\ Nlvi "Ig.
tou l heP dint A. tile ltllf)i'lId ilt, fhl giliffI jilt 1- (a.t A.f-,, i' the 1hc it'(11 ptItth over the gtouutlg d.
t•'I(fll() thi' n.tI)IJ 115 lfttf,(l liii(,, e)lfitluZ it- lffitt IL. It lm)l'-"W n.ll .a-•lur,. III teijis (if "tztiu'(iu'ctioii Ut

1 ft lhtiti vW'*IlE if viu(If, Ii' ,Wiflhl I~e ii lB. 'llis. l, "''ii ,,igletii (l110(,1 iIIR." li ('()flit , iijiti flig~ht, 1110g-
i e' h i ff,,-•vlIff jiffsi.ilf.)) IlffW,.v\,l, Ihii. iil)iii) fii tuti is mtIsis iin lu.\i~iLaii)I o)ve,' water. truei is

lf)' ifk -- thnt is, thet vo'f v t he h•fl" ) ll tlook. "t P'h•)11 l'fI . I v hI e nffifi s f llv ilt ti-iseir l of triue or )ilitg-

1 1h'(• hiv" -Nji!(d. llc lfhjuig. f)I r ftims )WIll i 'elI '.
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6('.',,, , / , , i- tih., -l,'peed oiver the groilid (teitt'rl polint of wind fuce iII ttriltl' of t ue. dirc-
Sw hichi i- de',I I','d 01 M 0111 Nt'tu lly l lka ( 'z(,lo 1. _N :vaIll ti I)II) .

Ali ur-ft it wl-s niesi,,m' it iI knots 11td iNaval mit4- 2. Wind plotted .up from the grommet in

S~~ pl~lz ,.).thri'l. oif I rue (1i rect' ]0[.
S'I dI,./,< i!ý hlv 1 111 'oiHm Iit Nýhtich tlhe )...e o f 3, W imll ploh tted dwr,.' fro)ill fllv " gr()m m(t Ill

ti•t. a ire I'nlf isll, 0ttv'l il flilht.ie d i is the fa:- ter'llsof agnltim diretio)l.
to)r \%hi,'h mtake.., hloadiii differ fro•m 'olu'ze ,)r, 4, "W ind plhotted ill) from. tile rzrommvt Ill
trac'k. elh ding I Ikitv I'l~t "iicasuil' d '11 trlite, jjjlt(- tv~rmz|| 4 f I ).n 11 tie t'I-(|I Iect I 0I.

lit ic. o1r 'Olrli)Il<s. I'l',l . 'id 'W/ is the llk it'týlli 11" t'methodl lzztS its follower.<, blut olly I hIe

illelt-41rd rl'lliive to 'l'rue N ,rth. . , ,hll ld Ii . I was antic'ipated ill t e design
!,, 1 vi t ht,;tl i, d t;'-ilti I'~ • i q I( )' c , ' t I, lhl, c'( )I Iif) ltitvr: Illit I s lei o m . lised hevre. ]xv-

Sth. i l t ( i gff l'.s f4(.iz I 1 t'a(lit\h t lij , 1 t mt .r, tll-11, tit t ;1it method..

tlit l i u t lll 't I lt a'/.. 1" /J, nr, Is thw r ,uh- If foilh,%% ed \%itliout erl r. It Is true, It io,

wt",(]I Ili.- r l lIll,,i l l offihlvt I. f it di' t i ll from - thil ll lots \% ll y pri I rly ]Y \'er the ('(lilttilital

;ioti<' W .i! i i\- lit , :i t,,tlttt (if ,h'v im It m ýIv m,',11.; IN iII(tt r, r l tlw ll d Iltu h f l lit-s,,: le' ( 'I'llII);I.-.- (';lI I I li,;,tit ( '; d. I Ii t 1 niv(d r :il'; - b)VC;II--P Il z I I )t,.10 lh d I S IIICt' 11it C 1 I'll t.ellz ien foi,
],;I f ! '. . - 1, I ' m I, , , s. - h l , , I) l : 1 f l , ' ) ( , r l wc a l lu .-. l m, ý l• - d l| t l pl i r' l wO . T h u s .I i f y o u l c o lu h l lu s e I l l , 1] m d I

s e , o')t th ilt' d ','ncF'H)n- \ýhtvil ottsitl' the W'. S.F e tilid ivitltd : miheli t!Sltig
t)l , i er, li t thIit Ille d I tiolli. Y 'li i lt t ll' ittlii l litt

whi ,the There i li i ll devMiti,• I litthll" I)V rfei'rrn1 , Ilt

u(il• a[lv Ih s:~edY bt1 hllei

w ~\X iII(I v,y,'l-) t j-ik',rjh'.
11lfI' eid 'r, f 'liolla l 1. ( r(/.<;tt r'tiller tilt, zliltlcl aft

l,) Ill I~l()vn •)1 trn f(,i )hi i t> ttriclk, :mld (CIIIIt•

t~wile twllil spiev!i ul e 11 ,,c'()oi•l Ito tthe t lw l'()lliid ulwv(d

r-ill r 1V Ilii ln ;111tSliteli l)jý ll,r fol %-wn. I f thIIer~e \1t r-'l

till \% Hill, liv il. , ,iýl• :Iiii [ llriiw' (.'oun l' t,) ,\%()n l ilt] lit, t i

:.;lll 1( in ailr.niptwd andi~ -1tiilid .H+ ,'d w\ >ulldlb tI IQ h

• I' If the( ]iild~lln- ;In ( )l lld( ill(s IIlv l timll\ Jill
lim il ielic' d iret,,i (n lo lls I 1 tilw w Ilild f' 't (if, th 'i'll li-

ml e rlt l, t\il ld il iil-- l il k o. hI e ill I im iit'i t it. ltu r i'i i . W• in d l t ilt, 1 1, . 1 r n d 1() r l' ll vite lil t[ Il i] uv ,i v> - 4v t lii w it h o u t

N 'hl('hl•, izil ,pvvdl, m il( gr(lliid ( I wcl(! Ililll'-I ;ill Ili-, Ill g7el in c'<llfu.-•td, tuc u e ini hýlt he de, -I v~rl~ t. "l'lle
k,•,t• l'll I i\ ; i] u Ir( fi it 11:1k i)li ril adVall~ilt a s anul ý ( i-nd\iilliti(vut; of'v ch m tqi' i t llm})-

/','.'f! 1', Ow:h 1ge ;l it o ~ • i the alrurl'(i'tf i< !l~iltd ill P' mlll'k' P)-:). AV lltV(III l'e ý-*-Iv• lll Nolli I1se,

Ililud.( I, h I • -'ft rig-lil or left o)f hulili g,~i b\ 11v ile rt'iemember thati winI blow)\s froml h lia in Ito tr'aclk,
" t•il l-- I~ i W< i , n i i, Itl tt~ i.i l l• •i~ill drift lui, i.llt l :<n lln,:iIIAiýL. !o Il':- (-k

tlr;ii k ;i-( m .i' jI Il's('J l l ' kl'(l' fl'l)[ll tlh t' lit'i i~lliT . t' li ' ' ,

"l'he \'ec'tol" t riwi-leh o)ilt lhe. ro(lnlplitei' Is ýhnlilav'
Use of the W ind Face ]iol ii \lltl \h,Il, of Ille fourll ,\Avl( I i, i-Ilrmi.d'. h

'Ih,.r:, •ii't' f,)i' I ll tl' d if i l- %%:[i- o)f pIoh lllili• till- llilv(' 1on ; i]•! llle h'le l h (l " ll o t e I1111ýi ' Ilhh r ,v r ,

% 1ll11 \ti-'lim !I l odril l (1 lilt- r ~ililp lilt'i. andi( 1111. vil' ill -I ll i ] ),.. l n--*1v tluw ;ad ili.'_-'"l*. S llid (C (ill.m.' or

,l lIr,,.. i ll,. 1in1t,),!- - m wl .)l ) l ":~ ~ ,'()il - l i l ', . .1 (4t fill, %vt(ll i rm l lZ. '['1 re' l , oll

t'ii, W r. . ' d'it ll el v ~lt ci l' i t,' i l'l' - I)li-i , l t ilt, \\;Iý N\\11141 lillt, ýýZv o ft 1t 1v l tl . ilt- ]l \ tI " i 'l. -it o f1 Ill11 m ii l -l~ e

i ~ ~ ~ ~ .i hs I ch ih l )lil]t. %V% I 'lld t 1;v: oi•'l i.:ISý<Illm I llM VigIIIt' lo-G.l;

"10-9
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Figure 10-5. Comparison of Methods of Using Computer Wind Face

Pu l id .1-i-ii - 'n ci':w i r tianc1lcii,! loi-A

I r ' w\:: i . i- Tit'iii !ii ;,i -1~ pr-p r I % DVcpr~ l) ,re iAl kiuio t -%v 'n Lc I inil I Irivc n i'fh vir: i ic
I i " l• i I t- . I I , I.u,1 I I . 1 IL ,,•cliw'. ciretfl \ .I tivgee ri toi cw•lerioiiimi• e:iLiijg t, ni.kegiic 'd -e.•nnUti

A A -'r. .iirlir- P. " iriu'iciiiu:rIe crc".-i-.Ierriru llke!' (-D-N - e livtiruel.

V-T'' ocr i ct e Iurlriiiih•L.i viIri•Ioi i l lcriieku. I

2. A . I Vji 4 i..! I 'p. Tr ic i , v i ri' r ' r.' o c'c 1 , 11 rI pt ca e v tz , tv 1 icR l rii.' o%- A . Il-ic'e Il re-el coii;c'iiiier I n e -irii- r iluc lo cale, cr doni't
A\ i,L - oi: (:,.': ", •1iki '1Cr---1 "I' hot;Im n , Li. rely on'-I)-NI-\ -T r' inr cer | ll rchc Ll'c.

c .c II-ui ":!o; w - 1 c I L..lg I. i:Lcg-' , ir 1- 11%, e 'lI%' CLecniiilcc'i WITI 4' ccc rreetiun cccwle I'c lieu or! Irilft Di f lr lceul pti lop
-. 1i :citici- I,ý l g r -i-vc' u r tI~ui i'.

I -V 'L... .. ....r, NI-l il C. (Ci i .i•I-, i•e:,', r L -!'i. flcr M t t- I

: i l,! i -I t,. ' :ci31 e -1 " 12. )'c '1I i'. rIch, : i\ u Ii 'AIl'icicl c vcrre'-ir':i f Inn x-ar iccl n W ind ir ' ,c lll i i erli'cil in ilrc bycr.Ci lccc
!"Ai -i' I ip, IL i 'I I Itmw'cl ' I r i.- i ý A l l oi; ..c i ,i cc r i L 52 c7 Li LI. ('ciccllnr llr, r to fiileeli c-wi'! e c~ rc i f e'li cit' !i i'iliiiciij
: I ,1 . Ih -i:-l, i;-lc'.c- -(1 nPi Ii fIri , ill a1 C il)veIrIhWT i] ( Arille

C. ('Ccll:l c'hc c-•lil•l-0 I Lic :cilai' ( c.- ii er ile.icLgiiL. for

7: N ivcr d L.

i.; w ir'. ':tr' Si,,,c I u l : LL' is: for slowtr :il 'it d-l . ill tlhe. ni" w'eLl *\' irl IC' L W<(lo ie the w ilil, Y 'ou tirlLi

1110l 1ILkut-pli/icit su [ist , liilturs it I-ul''tLigIiiI'I grill lItliluig (tlIPi ('i )IIII ýL s Lertililig iLIdiV( IcLI till \:fi'L-whlic'i iý- 1,:',d for' Air ],hot, lBoll~ibs.lht L'fc l - atioll alld deviatiim,), yo(n,' truw ,drslpe.td (the lair-

,I ills. :1,1(I hl • li e, M ,i? io , ()III I1le' last ojf thl~*. .iwei.i ifillii('It(, 1 '1- ilu i ('o I1'i'r 'ted fol' tt(L,)lji'atl~r'e

1.,cs i' l tii'ii5,cil Ilel'i. '•i itL i L Lh Y ("llv' o , N• 'vy 11iud I)I's.ii'T), hut- hiaVe 11(1 ,IIcaI Of visual rcfei'-
pil,,lo ilt. liliely IIi.''. ,iii'(, to tletel' iiiii Vy 1i1 gio i L iju S)t't(l O' tlr,'k.llol, ' I v ,'-iol.• •• •dlilol lbv .Mhtllid I of' AV t ilh lsd- (Ila. y'of woulI•dvtw lw ,hm h

11111' I.vjcu;iI iL'lcliiLl.,s \ \icL L P 'l :iet- likelI II ,llett the fllh winig r(-t']s.

Ii ll-lit. Assi. ne. fioi ,(viniph .. Ilit tlhe will, dii (h.u im1
I. li IIIItL_ Ir'i,, wi •L•l griliiil sii'i'd, other is :i32W , til willd slpeedill 31 lgiL, Its. the tire, hie;i(liig

iii:t? i ,lu Iwiil'.1 lil< ,w i. ]7l5', jlUl11 thw Ii'hit' Li.SlIctl Pd I) ISM knots. l"ind the
"-2. Lhl rdilig I,,-i(iirI. i ii iiL<i' toU iii ioo'l (i'i''l Ilwk i It ld groun1d g1''ii s d :s follows. (See F'igr;'re

'r',tk hI,-, ,tl, l, fj' , I
hiit'uilU lk( 1W .,,', 'u.-i ' w.,a... i ,,i tli ,'

.l ]" lin g wiml 1) V. IollIowinrig diletirri -l 1'ilt -
t'li~m ,I f rit, 111i1l gzr, llid SI.1.,I l, ;1 fix w ,ofhl.o' " P./ ow.. M v/ 11, ,, ml' (Ool o`.hH d,,w , from l/hvc...
* f ;lc ccfnh vr'i' h 'ill gL'ii ; I '.,'lcill s lchv IiiL I :,i 1 ir'sl ,l. ,i j 1i)/r //Ii• th l, ',, c(/h tI, l/ih o,'I f/tl, 1' (ti.o !, 0/

1. ]"illii wii 'j 4Lc ii v wii I v21'i,1i11w shci'eih /,'/cu/%) 1,/ic i',, 1t/1 pi-v- d , /,--l'.; t le.I l f/,' ,/ht, r

f/cc1 ,c , , 'Jf ,'/ ,iI i 'I ,c wc i t, i/cuu.

Solution for Track and Ground Speed /,',, tic' c tic ... .1 ,,,.i-.cc/c ///ce' / cite

'li'l i t ll lfii, IIiIo i Iv' -i\ /- I liii cci! fll' i'oliii- ;c'/ i ;-) ;., i/ic/llfi ' r iit "! 'Itw /cc/ , I"
pliiL'l' u Lt ii' oliv' ill \4'* li l tr':ric Ii ii g l',,i ,,I i ,i',',i I .. l/,,', /!c," ,//,-i/t . .. . ' i'/,, i ,1c ,,I M , )-I I
:I!',- 111lhl• ,, w h.i n •l I i.. - ,h;iP,;II,• i- 14 1 1- • 11,1, ! ,- •'././ ,P I- I( H/,tl u,.•) , 11, , i u,• I', !,, " r o r

I I
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//I d,. ..],,k . RI, , " -1 r to (o ./il i / f. /11; . , t ,-- t ;., N /i / . I ;ig lt ',ti ') iui li th e g 'o u11(d '.-p 'd , pl ro meed a'ý fol-
U/IL /1t/,it f,"p lciht/./ ticl','IO 'cd,. lo \vs. The \vihd is 240' lit 30 knots:

./l ,1 / t h e d i / t ,,' l 1f f ( .; i . t,) o , 1 .t." t l f/u I ';/ ,( / / H I 'tto ( I.• ) ' .) u iit , l d t u e
; , It till 1h1. il o/f thi V l/ ý 11('PIri*. 7'7 1 /illh/, li,-/, /n/l '.

pt" , f it ti (/'/,.N liftl6 / /I'• (! e /, li'(" l t Il l / ' (t'II( "2. Il'r niii' i/I th iI. d /'im t l) at a(i pol/O ,t .fo knots
ot ' !hr f'l-trI (lI//Ild lrI/lI ) i/,; dr; ft. 1,11i41i fl,, do)l 'n fl'inl te ril ('o li I/ft.

;N 1,1,, tI ; . .N i lf' i, s I li f . ; t i hf t h '-If t ,v: i;/I. .l o i c fl .ll /tIl ItI( il/".t ( 18 0 .. ýjo t .•)
- '. d r i ; ,, 4; ý , h t . i .i to i d e " t het fIi ti' ft. .

6 . Oi l l it i • .. .lt • 'I/ th e , to ol it o m pl if-.r 0,11d 4 . l o tt te th e ., " t i th e d c.l liii co u rs.Re

i/, ;d , , . , . . ,I i , / .i l d .1 1 f , 1 , : , n / -, w7 . ( o :f •, . ( / I ) . j - , , t h , , d r ; , f t . .h ; , h ? 1 ' .Id d h e o b b , t n e d
J,. , . / o l l 1 11I, t / . ht" I l l s e t w , i t h K 1. II . , t t h r : ; j Y i . , : l t ,l l / h r - o .i '..s .( i s i t e it w d hn : / ( ._, o i - 8 --

?, ,liid(.r,) .olt'(, thlte ,hi, I, ( h .;,l... it-h;c'] l,.). ,'ý;tf, ;/ ;N. .or) .7('/'., Y(l j 1111 -tA,` p (tt( ..
;• ,. ]:,-.:/, , ,.,,.I, tkhw .!. (7lll;1,11t,.- ', ,1.`', : (: 1,,:d;/ (tt.'/ -71 r ';// r/;,'€ 1pl,rOx )wri t7.!/ thilt

.if tr' I r/.'it l!1 t o .a oi ser' i." 1( u g ,I . h If-l it d i f t.

. ,I,1 0 1!, ' tt',,, f'l ,;ih- 0t ' io dft d h,' ,,/'ilo ilt n '/ to li' i
W"Ii fij ,' / .,f't .l'liiili ,~l'f' ." n , .f :' l lt ,R', litk eli/.S7. lL11'f itd .A cfel+'ould .•le'd k.:!•(; knol.s) o, Iflic

".l li e d W;: h ich'k k l ,. .•.; c .x / h • Uo w h t h c ' l. 1': d p i lh ,t.

"I'." • 
I CENTER UNI""" vllt'il 'cledt, f'or ti{ he Nw11in p)() it. hut (){hvl'S draw, it • :

I,:, ,'').SS. It is oftenl wvin( for p)urposes of obw.ervill." i.•S\vo,:llf er tr'ell(Is to le~lv(' it lre\'iolln N,\ilid sho N.l r y IvmW'CNTRnIN
i • ~ ~;,f'for ,h(ýtvrllhi ,,11g it .. N.i.ll , 6 1tv if . )11 do. I:•• o .. ,.• r .,. wIND TPR mm"UN

.thsigllitt , it iv a i:.inilllei'. D)o not t riaw it it e I """"l") I, t h le -- r O ll l in l e t 1 4 ) t i 1t( , \ \i l l (d p o i n t . I t i s l i l -" ".

..1• ne•.lv e nIt 'v 1 1d m akes for a dil't' (d r ltco puter" face "

"N1• wlw llrtli l(' is lleedm .

Solution for Heading and Ground Speed ,cu

'The1 V llro luleo l of filldinlg h (l.tilig and g• ,loillI cuO
I-j1(1i h iI li.h1( i I~lIll~t I Meth 11_ TADT

1Id1 2 o fI li lit p C lili il lt 'l' , M; t 'tl1 (1 1 ri-'q i 'eths

•.il l g ilil- 111 cO lliI pltv'l- f1/1 '0 to filn d a l ead ill IT DRIFT. Lift

whiihi. \vt th di ftit. will ,riv it desil'(h il (otl'i's'." ~ ~ ~~'lF l i . o l. l i t i o l l i s o lf t e n i ] r f o r l 'l Ue +( I o n l t h e g .r o u n l d i :i

lto ( f' ll' Ill)lilt' fdi;!it f)i w it lt I )I llit 1I it 1 ,lt2 ihlgi'.(.'. ~ ~ ~ ~1f~l.(h jl . , l [ h",s of :1 flig]l. I f fills, \vvlr th oik.rey1 ' " " / " -• '.

, "li st' thi l ii - l '"l ' f ihi,( wi I I ~ 'f'f', S lt' ti lt'C ThF IC T BOrIOM OF COM IU t S101heI t'Ii .t ,i h..siv( h h. . I hi fw ve.i , sill( v thil t i i. lu !Nu T No o UoFutIHOD

• ' • ~~~USN PAITHOD" $ MTO

I ~' 'AlDMiONIG! JEUI'

:1 l14 Im / 1 1-ý f111'ii l t IIlxc'.' Ii~i I~ ~~l . vx-;III 1 ( ()fll lli , 1(m h,, ) (It, ., \',., fl)r. lwc~td lih,•

Nill i1 fif., 111:1 l i lli' fh':-irlii ir'oisi" Figure 10-6. Wind vector triangles (by two meth-
l 1., i- fi•:, . •. 'J".\. ' -i : [i, I. , l• ;1 l t1i4 ' the % i- ods) as they w ould appear on the E6D or E6B"•;+'+i~ ""1 i,, • \ I( i, it !1:,(IdII1_., r•. :tl;,l computers

10-11
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(G. ',iii• /, d/.w , uIII ; the de.s./Ird co lrse ,•'s S. u1/,/o..ft t : ,',.r;, t;,, t i roti, fjo m f/.t

o/ o.•it( 7•Or ' 8C left dr;ift. tad a•e i, rewd the 7 (a I ,t I hI t11 i t; 7;ll fi .is ram!r 1'.) , /cw/ fit lot •rti(t
. it. A ,. ll .' . , ,! :phoh ,";,, d v,'.1?,/. t 7m .q.(/1t the /titt' ho timeto t"66 .11. (t't l yaji th e de ciati on ftee

4 he Ii , o ill ittt i/ .. - '.) ;.t t'tlPP';h " \( i' O tw I, I.), a oi. . l, /. ' , . ,i e ll y (? / S t , ol l• 1 Irc
t•t' r..h , W ' 1411 top, of .11( (. , 0,-,. ,r '.N 11,11h. 0/, :'.•/.ld (I, .. ,/ i/ YI." I./.t O P /)111' ;1) th;e

,/hith ýh,, i'; d li ,tu." h-, ld lif th. lelic. It, W,'h lt i- Iloo l. q th( o f p .,Alas
/'r ;.w. ,.:•,..: i t.,-t 1/" .. ' thtv ti..t tryl. I/Olt oi thw r..i lta( Ir aied upply iq: the deviatiu•l CQ'-•..

!:,I 1' _° I. 1,,.0,, l 0' ̀,11!" .-W) y/ol try/ 7' 1.. fill( ru,'t;ol l .I II .
th c w o,'( d rlift tw elic .•" a re• thw n ,':lia l . .Y ,, thr D )" avo•id v.r rurs, w h ic hi C111 som etim es be d a1;1 -

"Y / ', , , I m , 1 ,, I 1 , , h o •r ,j Y Vi ' I : . /- T . , . ; ,h -,; 1 l , ,, .-1 1ý Iv. . . v c o r: , f i d l n o t t o p l oh t N - -a i o •t i[ ( ) I : I ý p hl s i l l -

... /It ~ ~ ~ ~ ~ ~ ~ ~ ~ lvi A/.l;/~ v/ ],,,.;•, :u .,.f11• "..;/ .lad of .161111, or vice• ve..'.-.. ;u- Ili v••rvor %% IIIhl

w b,' . . ,/ ir 'h ,. m • • 7 ' If ft' d l /f t . tý N ',c l "1- a llw lw p lo t Ill l ei"'lliv I0 - 6 ; n v a r e r t o .\A -,k it

li-i-tim-Il 1-lolmollilli if hie nitmde 110 fixe's ell volite. Ini
7. ',,:, t., (1,',. -, i.". *.. 6S/hi/it th it-;ti poiti. 194:- tlW p)ilot of a B•-2-4 did j -I. that. I'silig thit

-"-" i ,-yx 4_ I _ '1;

.-.------- I •!

00, 
-;j

.NIA wo 3.

-b~

t "UEiJ IND'.

'i. 5

SFigure 10-7. Solution for track and Figure 1O-7A. Solution for track a;ndIIground speed (steps I and 2) ground soeeid kteps 3, 4, 5, 6, und 7)
d',

,• 10-12
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CtSV4 lwIp i)11` lvý vo w II n t mI

Iitliviii fl-inn III fol1ilt Mill ohtainedw III flighlt. If

- -- j YO C3II fli eteiuiiiuile voll P position. von will know,
-------- 4 rl~o II r t[-I(,'k :1 ld - I ndui~ Speedl. l\itli rune humliiig,

o II II ) I ca(*1111 IVct d orNi I ls i~lO),V( f ind llV
vial inl11mid trine mrirpeed (miiispeed reuildilig (01'-

kuiowV that fthe1 tulle(1t lolohlg i Io I.tetit e Whid-Vit

spueed is NO~ kiiol's, fthe tracwk is 1-22ý 1'_ find them groun~~~~~~"1011d ýpeed isliknt. uilie itid i-

-). kno'te i t s. Fu/u the w~i nd dii-uueel

(16o) i.yuae tiu' ce-Ote,' of tie (1i74. (See Fig-

'1fire 1(-1-9.)
4._3 :1 /h d;.1o. /4 ad thc dly//

4 ;iS oppiosite J~iqh ~t JI-itt.

C( iot a thtVa oct h ewe e/

IZ-, Anot... 1Pil('C- (I mal/A ait the 2tin'(tl 1-s00 oi

p 0- ;8~ thc I/-;/?d 1pouit.

'e'(t nl,. ( 1; / 0 1,i.ts ' io t t 1/c/i, t 1 (e bt x awl .Z 11,i

Figuf e 10-8. Solving for heading and ground speed SO U INF RW DSPE A D

GROUND SPEED
N;Irmloltu Scalc oil th~w (omllititil to chll~iae MuII toi Ofte-., Inl oaircraft equipped with at dri-ft ,]ight

:]illi %%Ii ll :11( N\Oii to forigit the '( ili I )ead . [v~il c C: I )-eVt ob( v o est;uuulut(' w'iill dirtict ioi. W~iid
Volt- I We I.;Je of. ml%* Ili'. I-lle-' v(iui hhirI-m onl I obtqvuv di oil tile stiu-icie fromu 51l~lokV,

I-Aft ~ ~ ~ ~ h \im 111m pnv lIY S tiiigg iofl witi. 'li~ is :in- "IV(1 0I at \N Iii T I ill o i' it*i ol l ( ,iti cii llkc if
4 1 011' 1',' 1(VililI mi or~II coillipIlit'l. by \V lt t1, W'ithilli 1,i0(i fier of tim suilfitce, it ilý ZuIlf(

Solution for W~ind Direction and Speed :iii i ileltiufo ol, 11-1,s fee ]100 ~ t1 ilien~ tlIoi

Iii -~liitI;" %isuts~ im ;ijii ua l;v Iliuesii It i ui 'ui t, i iitifollfol.helil s irited . i~t I *itt

10-13
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.-- Aliot her sohtilon for wid, wheli voy know the
-ij TI'AS aind lieaolini,4.' is to fly 'a wind star. The

: I , i i

easiest. wi ot, 5tar is to turn t;l3 right or left and
lhold vyour headiig uinil you rend drift, then turn
l-back 12W° in the opposite directjiol for the ,anie

pel~c'ol of ti ine. olwervinig drift againl, and thenl
re.-1irne tour original heading and take drift auain
oi .yorti' originaill heading. Set up each of tie three
healdings on the cor]ipiter and draw a line for the

-..- drift (setting tarS tader the grommet, of course).
• :_- I . T e thr'ee drift line.•; will liter.;ect (-)I f( ril a small'

4=• --- "" . .. f- -tria,,gle, t See F zl-i'l-ur D)-11.) "l'lie iutersectioul

- ' "r c-itten' of lile triilng le i th 'ill point. If tile
-- '-- I -,i ,,-i7.. tianglIe is large, all erri-4 hasi been made, After

•. ;-. " .. ... -. .• . fyix 11- witxInd stillr. add toi the ET.tI the 111nlo1int of

i ' w -r -. , •- title ll(nit ll the first l'uhti 01' left leg. ]letal'
" .olnl' position oil Noi0r chart vI ihe distance at Orig-

intal track arnd grouid .speed for time. You
have fluiit two side: of til! appijroximiatel'y equi-

4 /- 'iteral tritlin . and the extra di.ance is about
.v( "-11eit1 Ti th ireq.ire the ti'do tile of theceVntellr A .lin

Figure -9 Sol --ng fr wind drectoa d ce ftoia liglire 10-11. eh ialle thfeo hdinguts oni
sp -eecht leg is enough.,%.-4 .- t '

--'° al 4' 1•L ýy Use of Method 2

I ..... • •"• SOillie pilot.,prlefer! to plot \N'ili(1 ap fr'oml tile
i • •l'grommlet. Th1J, requires the use of the. center li11C

Aof the c'ompu~lter for c'our.se anid groundl( speed, and
Figure 10-9. Solving for wind direction and 3peed the track lhines atl each .side for hleading/ andl alll-

.speed. 'Fie. anile Ibet weeu them is cal led thie wind

Correction anegle. It is the saute as drift except
that tie left aild rig•ht are interchlinged. Th is

kill (I i]'lvoli for Vyour altitude as :-'l1'. alnd lmethod is best for problems ill you N lave to
Ye! kniow thuat v'o111" drift is. 5, 1,., Nourl" leadhng linl ai hlivaiugl. aii grouind spe.ed, 'so Method 2 is
iý 26WI) mlailieic, tile variaionli is Ai•V._ ald N-0111. uwedl here for thal!t purplose. The p olt'l)emi is tile

Srite o i. spets. is 22.5 kt-, Fi. itd tle ','iitd sp.ele aid sat 10e onle tHit was solved before by Method 1 so
""lolilVi as folh>\;: tli:t y1ou can see Method e2 ill cisheti atdvan.talge.

1. ]ildib," tDlf ol/. to ;).)°7,;0 di rlld a• line, The wvind is 240)'.:,30, tile c'ourlse i 19;•')c TP... the

don .from t'1 a/rollmc for 'Alld direction. 'rA S iM Mt i kts, and(1 the . vai'ation is•4- IX. Fiut(I
"2, .rf• the I/// :• ? o/•pp .s;tr. Ole 1 at/ i tile hieadintig, trte illid niagtli etic. lailnd tile ground

,." ,'1. .. ," •dt. t.4 q lli et. 1. ri. io/ f t .fh 11.,' to i';ili (;ir/ione ai1111 pj o/
MR .t F 'e D!-l.) -t] i u-lad up from the toi/onint. F"ee Figure li-

4. Plow 11 .h(,,"t 77m,, I!/ ,h';ýt (.7=].) wvher(t: 1f 2.)
, ' I,.,. t ,' irl ,l l,' , ,' (l( t/t, /'(,. ;I 7.,/2. /,'o,/ ! D d ;.], "to .Ni t O W ('071.l'e /?.V Ilt

:. iotaltf" MJr, di.'"/,/. h ,.,k to. t/hr ,irit dirtc'tion, dtcr• tthr j';wl pi, iit. /,>f,t w/P l;nd (or(O'( oi(jl

• ,1. ,I t ,, 'lii i,., ./ . l, 1.. i ;. . ,, Pf ,xf a r v dufr;f 7 L.. 0t the
,A,

"S."
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Figure 10-10. Solving for wind speed 11,,4 /pont. P1,Yl adu fl'oudpt1d .,, (I. knots. a!and ground speed. (A) GSý224K tlfe [leumm. t. U +'viog flte d/l~it'fcl. e fhlle top/• vp-
(B) Track= 250' (C) M H260° po.xUt: t/lo irin:d eo?ý,ýcliop+ elngle uf 7° P,. flildl the

"an ro n �speed. (A) GS t . Potf , 1"., "• ... t. o - 4.i s. l., th e C ' )).I I-1"-
(8)t~o TtokSO theM7"2O. ar plie thr 70e)fim i thetl lt

- ' -•---]4. or " . II. .oit2a',i.,'al the t,(-h-il- nd •+a V-.II.

-2z .oll.,oýitc the '(ti)atie of. ° . the' , c'M You

*" . .. . Not ueQ that 1 v M\ethod " %oilu rcduced the steps
-tc.al sk y oI (I h id n 't h1 ve to jI ng Xle and 3i:itclh

"drifts ill order to riind i suitable heading. Ho1 w-
-. •ever. by M thod 2. you can't read I 1. H. di( etly

:: t(-31

-I->- I" ' '- . . ,.

I T$U C I Nt.

T ,

00 80

TAS 270K.

,oo - A

10196

3"*T.

T. 3K.5

•.., .•,.•.•Figure 10-1I. Flying the wind star fleft). Wind star as it appears on the E6D

10-51
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without rwatim,,n the disk anld without using the l1ind the magnetic heading and grotmid speed.

form ii l:ie fr variat ion. Method 2 also introdu'es 1. S,,t thc tr/,0 wiet d(rittiOn Olppo,it/f the

the wind-correction angle which may cause con- 7'mie Index and read the magnetic u.nd (244)

fusion, oy, the iVariation ,,cale at 4' IV.
2. Rotate the di.sA Ylightly to put the ma g-

Use of Method 3 ct if r'in, 24.1 , at /h7'Trae lmaer. Plot the wid

Method 3 is t11i( sntle is the basic. stsmidaird down 40 kts. f rom the grommet and matrk the wind

Metlhodl 1, except that all directions are plotted pol.nt.

in magnetic. This is mainly useful in Continental 3. Net the Side so that the 7.18, 180, is- undcr

North America where charts and radio facilities the grommet.

;re indlicated ill lmlaglwti'. Ihle only eon\'el'sioll 4. Rotate thr di.f& to put the magnetic CoI/,.s.

i., winId (Uhection. nu Methodl 4 is the smlne as 3. ex- (1,99) waoder the T.rue .ndoa a-(nd obserec the ap-

cept that the wind is plotted up and other features ),'oxilmite drift, 71,."th Lo.

are as in Method 2. but the directions are all mug- 5. Rotate the dik to put the magnetic cour-se
Ile, Wit. (199) unler the a-proximate drift on thc top

""J 1re0lw.t the previou1s pioblhm, but tusing (li-i/t 1a/eI. "a/ C/ICit the a1( f rift that rc..-tv.

Methodl i assume again that o1ifrie th& di.kd U•iti the drift at the top O0/io.,ite

Wind: 240 T3 ts. It. C. (199) i-s the aMe a4 the drift shown by the

IDesired ('sIur.,': 19!F .a1aentic. itind point. Then read the M. II. at the True

T. V.. S. 10 kts. Index, 20G, and the ground speed, 1.57, at the wind

Variation 4' W. point.

IH"I

Q I , i ;i : - _ :..P

1 i -1 IT .1iilj l.

; ;, o 1. -! -; -- .-
190 

2 0o 2/"JO '4P~

"eo/ &k

.i,. 4' ,-,'

VjI O

007 ..

IFigure 10-12. Salving for heading and ground Figure 10-12A. Salving for heading and ground
speed by Method 2 (steps I and 2) speed by Method 2 (slops 2 and 3)
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Notice that the :arne problem was solved by
Methods 1, 2, and 3, and the same answers re-
s1ited: I. IT. 206', 6. S. 15 7 kts., I)rift 7I L. I f
Method 4 were used. the snmie answers would be
obtained,.r

SOLVING RADIUS OF ACTION

Radius of action is the greatetst (]istan, e tin
lil' t'' t r' 1Vll ( '1v " l cel'he lill c(II 'ilFe, • l rTdel -

U1iv1o ,,onlitoi . of wiA*l. title ailrsiaeed. mid flc]
conismlli ti,,n, anll '(0111-1n to tile samle base. Thle .,, .t .•,''
solution of this type of problem, requiiring the use

Cof lith sidv, o)f t he comle1r is 1saen dowbs intohe :

1. II 'i+d- v'ctot .01oiftlolt. widci eomupuites the -- _,. /

true lezidii,,i and ground spee( outlltoLlf(l mid in- ...
Jbo~ln(]: anld

"2. l iu .,-<p-actwn /tro/)r'tioi., whih corn-
l>Utc'•, tiara' t,, turn ;n1d till- rIaqliuS-of-1Ict;,.nI dis- ,

tl Ice.

As an exaimiple, consider a situation ill whliih Ii
No011 know th'e followi nag 7

1'rae courlse out : 45ý'.

Tr1 e air:i.pplv :3 ]lirs.. pilhs reserve.
lWindI direct ionl: 34,.
WVind velocity: 50 kts.
Vzlriation : 10c: E.

You theili he to (in1 : Figure 10-13. Sclving for radius of action
1[caII(111 11nd 91-01.11)1 6l)V.'t't 0110)(Mn(1.
hl miud n lul oul•tuIl n•se nd out hoil.

I th e; 7 111 d it . < .( 1 14 rI ad y Ir tu0 1 .1l'sp l (3 .f2 'l o t .,)T imle to tiurn1. ltilw ld 0I

ft-ldt/f /f 0'tiottllivln.'/.

16dti. ofactolldi~llne.6. -It th' totp o./ the comp/utcri oppo.site thr<
1 •.Pit tf , ,,';d < t t ,lK mal;ti,0 1, ( )o 7t.erob linl s aleopp wti th. 7i,? 11 ,,v Po ;,af;ol (1,0ý 1"'.) rewd the V. II. oultbo+tio , 28 •.

"2..I:.,' Iie wind/ rcho)</ty (.'5U Ats.) on the 7''l'<. : Pieic the. Iritf, (,II/.d4 inound,' Oll•, th"

diw.8/ isit fit , <() irol /lit0', f/t i ri. liLft drift. ( f/ it .,-;I,)Or-ll h,.td;,q/ till, f .;f/ it-
3 . 1 :/ ,a ' O w" t n . < n • + . ' ( I ' ° , , l , r ot att .' ly b~c o/,l . w.f; e i l d i r c'(' t;< a w t h i s stl." ., c c . i, sf," . pl ) .

4.. ','ft/ , 1'l', P ,' X,'/.'.'..) ijiml(r I/,". (/poi, l Ill . .11/f+/lbI 1*,y It, m c'c.ýols .y/ to d10 1-11, 114,m h,'adi'l l/. Ili

.Vot:,• M c drift 1111'e;-/1 w., l,/ ,.,..oI ;.f t1•. ,'wjr..' t/h/.v oliral,', , /<, . r, ' , 7'. 1., .S -w I+ it ": l.,t() , t.'

We• P',-/,. /MI' hi 1/;./1l "I/ ,: to, th,, fitlyht). 14. 1i7,. 0, yI. - ol/r.. d sl.',d ;1,1) tl,<t. (.:X.2 .'I,-.)

:'~~~~~~~~~ P. 111 +/1 1( ; ':/("'''+/"i . : -A . 1r"t fit tiltr 1[';wl~ pollit; t , i'f' l i tf' 7". It. (2d,12 7'. ) tit Iltir
w, /, ' lit':/ , It /, ,l , ,bq , / 7.".,,.;•t. ,+*. d T ,I," 1,I",".,'" , /. ,.I/r': tlto" // +l(/, ,f,t;,."/`,-,,/;,I(/ (,..,).

dr~t. .•'+,,-tl, dr;Ptto llol.r f,,<), th t l ",•: .<.., X11) oIpIx.G:, 11h- 1:,/:~o ) 01, P. (it flit- top, of

•-.-..'° 1'..i,+,+ ,,//l wil,. i,,il 7. 1/... "0 )(ll<.,, l o.!'- T : his r'(ml~phvt(- the :+(ohvtionl (4 _' rollid pvvctl
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Saium tril, beratlingl, oultbounid all( inllb und~. You ITelItt I Y -e AIHlio If II1)1 bhI II b It -ed m t ha )Ie I'n t' I IWt I I

. slye thiP remanlder of the prob)leOenl on the slide- a distmiie whichh you will be from the ship att
, ,llit' side of tihe (.ollil|tiler ill tiet' followinl ,- ablout tile tillt., VOll lav'e ,vorked te•' comlputtr

"9. P/," Ac fl rou- ' p.1 .'ltlho,(Nd (.?,Q2) oil problem.
! l/hf fl/f, im,.alr ( oppo.,it ti/M total of 9 rou ,l front "l'ca/n 01or. other I0M1 itidicators iny bet,
ofliboult t)il/. ;lhl,/ (.1.12+.2 =l=71.) ,,. th/- si /ply volt'erted to true during the plroves-s with-
h/It. •..•'-,/•c. ( Zee Figure 10-13.) out calc''lations. You do this on the computer by

10. ',i1c ff I .Ii/!/pol/. t 'ides or totai alwil/tbc(/ setting the magnetic bearing against tile varialtio/I
li;fqht f;mo of .1 hours. or 180 mnimutc.•. Oppositc scale and reading true bearing at. tile index. T'lie"Vi's/i (/1/ :.•'h/ 0//tV .,-S-,th.. ,1,fl ti o.. t l, 9/ 6 :1/ wu.. I eI-l/c:1l.tgof the Shiti iS c:all i red Cti/lot of rela-

"or I /Ir .,,.;t liti/., oi f / t/ll /lc('r, c . Y oI " P Al/noff tive motion'- atd ithe (listlancet tile Ship "mIliles
t]It.,/' i/('a,, C/If ot 0 for I hlr .U; rifn f/ '/'or //0oi of rehlitz'e tootion1" 1 )RM and MRM respecttiwvely.
-1,41s tf/ ' / ,// .//. 11/ht /l/ do(('t k//).o' illu d(.lit/'w, 1. P lot in your w'ind as usual (O10,/320kt).

£, •..11. ,v, I I, 1.t t( r it. roll" (.v-',d ,; ) (it Ih'll .frl -A.r th;.s Ipo in "l'W ;nd" or w'hatf rfr Yoll 1iA(%

-/f/i." f/f/f d fI/f/I)(l/f f k ) fll oil fl/ti i/f/ (Doin't plot wiV. d Oil tile higit-.s'eed side of the
.A,,Ile o/,f,/. fi t -/f ti//f,- /11//',"., fol. /tbof l/d fl htl/f slide for relative-nIotion problems. ise the slow-
l 9(; 1nf/. or I1/'. l06 fi/f.) raI/ /h/ m/il.s off th/ speed rati'iige scale or the r'ectml/gular gi'id1 pIart of
/o/t / " . //f ', I'. m ih,/'. 771 /. i /x / •,f" rf/d;,I / (ef "'t' slide.)
,,.'t;,,/. 2. Is.fert thei f'e'taafllial qrid 8ide of the com/-
• ". J.,,tfer ,xl;,lf und, If."t tra..l"Ni'llc t disk•.

SOLVING FOR FLIGHT TO 3. Po// the i//fl p.)oint d -r'.iinefd il/ ste,
MOVING BASE -1, Idot thc ,hit'," corsc and ,ped. lit this case,

/14 plott , d' Ie wiil 2A00'i at the' i/idtx,

ly.1 o\'ilg to it Ilhlo ., Such n /t c'arrierI or a0 d measure 24/ knfts ,// .rti'ally dow'n. .frow. the
intel'cult/intig it 1ovii g taUrgf't iItvolt'/S tite Sfollt iotll ,/'9/f point. Mtar"k / / t poi / "NI"" Or lhtt,] tel'P will
o .,(f p~rohhems of relative ilotioll. Nich p~ro)blells d;Ni.•t 1?ixi/u h it,

",all /le solvetd i tilth t'compuI /ttr'' t V bIIt of the l'ec- 4. At't 7'ALI wider(' thle .gr0ofl/meCt, 'rcer•ing the

ta/Igill/Irgrid. 'his'l I's irid teril its .,pt.v(s of Itotiol , slid"' ;1/ thiis r'a.s'e in order to do mo.
•:. ."• f/o' ti/he /de'stiat ioll of tip to .0) or 100 knot.s, de-

p1endit"ll i ( hndrectioll anid locatioln of tile wind

.oI/ilnt. If tilt' fie;ttlimtiot pl ,tl i, if/t gi ,Ot, tot) -. 1 /-=•'•'•".< .;il llz .)••c of 111l speed readiii-s while wo•rkill •.rY Itit thlit, 'itll tftf e, t nd the' l do'bl e the i peed)ek id - .

.s ;Ill V.V.I le,(', 1si/hl , at sittlation whent '77

Y/i hi// (e t iv foliowinlg information: - '-.

.7- 'il): ('oture 2/00 'F. at •4 kts.

,/.. / "l/if' l/artllg f/f Ship) fit Ti (, of IJ Trti
1710.

,- l)i•.alw,' to Ship) at. TF ime of TFurn : 170 111.

/i .VIf' ,'.I.'l fh, i// m/ g o ' 1ti f f th fI i f/iv tSth' f1t /.Y i tv 5f//r ' (fe bra f f ill 171' 7'.) of if, i,'hp
It/c ft I p1 y li/ it //f t Ii ctl r f' ) i future (t Ow Tr1- /id,'a' (or mfl'/f/tic /•f' f//tlf

..Jillt" If Ilri' . 'l'llis \ hld I- Ih ll . h fid ()It (:If prop?/'Po lf'i//i 'cll .f 7/1/ ' /1/f f /t IIl)"*• ' 1:1li/f If/f,~ Sht,,_ or l/t/'/•'ltI /i//fd fL/il 4/I itS lw ii- G. O ..f p"'/f,/ ;/ffi.f /y drift (,'; I)'.) ./Ild ,uI-
I i/f/ :il/// "It't'.l. I t it is /(l tt'/Ill /Ii l ty b ' , I/t/ ./.'. 1/1f If /I j/f(//lh ' /, /ti / f po/ , 0/t "N " .(s/hip .oil./m.
ti1f airk-la ft Im/ 1/) no proper clhla t /or I1 igN nt i I fl (1 ,.'/I'' fd ,/ '..flI/ /'i/,/ /ft l /ot) i1lf;/ a .," fl/t'
!.zv:IIr. t~lllm T() hmo llj MI Ile "hlp '.Iftl.r •hImermi i ,, .I.. 171htf;,, dri ft o., i.s .sholl /I II (hi top Ir-1'ft

,•%.r•lilt. ])(-;I ll-| . "Il'] ll výor] P1! ()I \ fi l C )l])11'';

10-18's, .4
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e./ ,I f i I it to l,, ?, J?. ('7I',f is no. :iciml drift. U-
You will ielld atetual drift l.ter at the xind pionit.)

.l,'(d off th,- ,lt," .At poit,/ N ,,cd of h- 21NAR, -8 - -•.AA M-

!lr1001 .,'yod/. 1,( Ox. I/d drift. ,9° /1'. .It 4',o,'
Ilid, X ('/%"I 7'. 1. 1ma (at /lo/00l A"l1/ tl!UULCAL&A WEIGMT ILB

J1. [1.) .A-it 9 0/ I;y/t (llrift, rcead 17, "'C 2' 4 LOS i .SIiL8-

M. 1/,ti//n , mi,.r', to i/tlilr /r/ Ship, hli/ (,- TPA MOhigNT OF EACH OF THE3L WEIGHTS 13 *INIAS3

h,;i .11 7011 ( m70 . ) (it Sli.1 (spcicd oe r/ 1a-
." ;oil, Plt l '. )i"'""ltl. 71- / fopnll to , 1), l ' .,) ._i X &

/,r, tf,, .. / /t,,, , I , ." ,tl pI (ll /,, , .1/1, ,,i , 1.,, Figure 10-14. Principles of balance
11,141 rra thr . apsirl I% oI

9 'f th,' iwiloi *q'alb It/J-
",iti" /7 /1,;/(". oilt•.•hl ollh r .,ca'• '.

9. 0)7,(ilo d,.,/.'!Iu, io ;0, /w, p't biy .Tli(/dii!/j oldt 0 otllY' \henl the ]liorii.onll .et(llit f of \ity
f,,, !,•,' W/ 11 1.11 •/ ;1, /h, w,.l .• X',t I r~~ (CG( ) iý tt onlehwo:lt imlthltfulh--111.

a70} elt "T' ,,1/i ,,tHl.d,, tid ,il (lf ,;Ii. i`;1 l'nlilic, a scale, 1il1 airplane can l1ehe Imlaiced

t,, II~t cie,'r,'/,t.,'1(141 the tI- mWii' ,xc(' 19,'1 inre/,. inl tliight, with tile (N ialvYwhehere withiin t e d spe'itied
I/ h.,', 1w ,ha rt oil we'h;h to, pOt 7 ,,pthi;rj. fore-an k-aft limits l)y operation of Irim taill 0)r

/,I,. toll 011it 111.x sf, /. eheviitors. (NI lot'ations outside the .,Ipcified limitut

result in i :tsit4lfcto)rv' (it" d ne: i sr(ll- tji._hIt (t :II-

PERFORMANCE CALCULATIONS %cteristi1s. hi 0llli)o;ih' \ liii is called the
(,(; liolits- its. exact loatloll, i 'which is III it V* ner"

"flu' liliteriii in this section d.ws not relate the forward mlrt of the wing. i,..pv'ified for ,w-h
stil lit to instmi llient fligdht, lt. to flight. pilalmilillg air'lcraft modtel. t)hltainiiu this balance is simlply
for ally sort of fliht especi;ally crors. country. a Imattelr of dist.•ribhtiung the h).nd so that the (';
Weight and hathlie is liecoiuuptlted for sin'gle- of the loodedil au-crft falls %ithin the alllowabhl
phi e aircria ft ýo that the oni .'N I" liffereuce is cautsedl 'lage. lie:iVy Iils ne:r tilte winig lhxatiioll vi11 lie
hr ful(, tind lilnialellnt. 'tat'idad hind tolhilt iins iahliced liv Ililuch liglhter lowlos lit the nose or tail
eliminate the Ieed folr the pilot to colliplite this. of the airllale. ITle illoineilt:s (if the lodl,, deter-
In n'ulti-phoce airltllaft, eich indiviuhlml Ilight Itlist mine, this exactly.
Ib cltecked tii estzillisli wht thel the lii:tl limits llid Il l plictiie, it liii- beel fouid desirahle to
('eliter of gr:Ivity Ire withbin so;fe li its. Illesllrll'e. till disftlanucs frolmi anl f Ir'itaIrY refeivoee

(Cruis, 'oiltri1, (oill tlh other hniii11d is vitally dat ot at.or ner, llthe tosi.oftheniirlphtlt. 'Measut'-
iitllll)itnt ti jet ttirertfli tt on evtY f!light. midl of. ingu oll at Ill the .. inie direction imakes ill nlii-

cinive1tiitiil ai('cratft ill lo'i.,r fligdhts. ('lhlila- illents potsitive Itiid elimii.ltes possible error's in
tot'• nilld tabiles provide atam f' bothl (h cru.le conitrol ateling pils and I ilidls tiinICilt.-, '\'hiell the to.tl
Inlid weiglht fill(] lllilice. lilolliltit aihorit this i'eferlence dltiizin is dividh,,l liv

The theiui of aircraft weilght mid Ilihtn,'e is the total wel.,a.t, the resulti ig arm is thle dilnine
extrtieln, siN. imle. You cvail see its :Iplicatioln ill t tolet (,eiiter of halanice. (or' (C. froi the riferii
the o1l familihiir Ivtv1Yl'Vid :will whilh i-. ill eq41- tl(itiii. If thw (0'(i fiolk withiilh tlet, spciliedlimits.

lilhritmi ofi I1:1liice whliii it tets on tlIn fulii,'in thii lohnling, is slit isfaictotrv .tlihvrwie, tile hill
Ill at level position. Thl itllflue tii, )f wei-hit, of must lieshitted ll til thei (( falIs \\ ithinllt liuits.
COn'i-re. il.1pimol, direct Iv oil irs dlistatl'i fro'nt the 'TIle ilhow;ihhc ('(i rang is dieelliniwl bi\ (1clih-
fulcl)unm. Yo(r eq(uilibl-1rimu or) klm: icv,, (I., \\v,,igrh hdit )io s n~ld Ill--i.,, f(..<I l1";flitS r, IIV .u1:11h" (.\-

m t llW{ e uili-1iliitef 'o (hi;t t the tu liling eth- i ti', h 1)1h'sev 'Ied as ;I Ilt el'i' litl --v oif t lit fllill ;w oll )hItllili'

slilit 011 O)lit "-i',h o)f tiw ul'l, f lk-1.11 :[- ()If tilt- oihler. (h-1 rl of. Ill i~whes from (lit- I'eftriclick. dih llom

"hrictefite. ;k llciiv weight lt0r the 1iilh'riiiui huls 'To oht lte grlls• 'ci.thit )Illt tille cuntIV-
t l( 'ill, O effec'tt ;1s ýl 1 -lih ter Wei,_,ht f:11rthl..) olit (ill ý-.l),.lid g C G( ](w(;lfloll ff)l' flt.lw milh'd ;1irlpl]ile. It

,-• . tl~e I, V. I,'% l ig - cr 10)-14.) 'I'li, m-zith, i itl i :, - i ,',-- t o, ( k~ilow fli- th , 1)I~a•i \e '- :111d
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,. , l • I,,,. il t (if the , ho:thed :III,- ci , tt . Ille i I)i• t " Int l llielit \0hich
.. 'Fl'l. 11:1ý IWv fitI(Gt'igl 111,I hlh ve m i lh t llm llill t it, i II )-

:11- 1 ih t1 '. +N llvil lilt, I.t- lIt. allI, m l I't< il lf of" lla f l . T1 ' ti of t Wit h11t'. ;I r ;If l lost

tilhe iiwtni airiliane i, Ii. it is lot tillicuilt to be within these limits Ilt tlket'-otl', in the nil'. nod
oe Ia ho iit-letl f' f ell, t rille iV\\ .CA I Iu'llhlmtg lli. tite lailtilli. Il ýom ine cI ,d '' t:tk.-,ly s im d lnmd'iii'

nldlt otht'lr \ ' ;]l• It-. lle "N :11rt. • l ' I. T ev C( I( of lilllllt Itm V :l-,,Iw lt' t'cillte l.

11Vloitytmd d ;it'd Z ll Il:t1,1 iý V,:4tI)Il1IIh 1 I'.\ :kl~lli~lli ill theV li',1,71l Com,, p'i], t, : 1¢, r :ihllplt |'tfere~l,,l
|nlu|otints Ofl lhtv-e :thiin litell- to thte Italic thmi is nurtl:•i~ l v Irt:htvd to the c'enter off

ltoitn'llt of tll' a:irlphlnti nd dlividing, this tot:l I.;.i , "ymirid w amhiic appears ,, tie inside of the

11)01t lt bh 1ti1 sollll tif thliet •lit" weight ali ti e load lidjulstet.
, (it f these atdditiona~l iteill-. Thtl calh, ulatioln ,11,,,. .1, 1 od/nam.•h C"hord--lht, chord o~f till

II k, lt", I wI . " ! lr', wi,'l II\ 1111t~ li' ,:~ l n .,~ g !s t :1-1. : 11wr.\ :111t', fqIl II1(1 1id1, ( )11 --111 )11 t htIe fl IghtI
1-l 1: 1 a I .e :t)l( I I I I I I Ivr. F'Il T', N\ ilhl hAI lilt ,c \ ct..'o l , itiol'lit' ] \\(i I thltlI of e

o f the ;lt' Ue l m .ig. It ittisdentetl t MA (

Definitions .)ee'rniliing tile exact leng-th in1d lolltitll of tile
""'1w, fillii\ ,illn, d' ltiiif j w -l s1 t, ;0as M AtC is ;I ,omnplex pri-,ess in oltv ilvt IIMl lV Vnil-

.--:,1(l,,i llizev t lvlnill ,h,•:y fm, ;Ir d,11 l:,t in tilt' M A: 'C:i e . '11, .X . ( i•. det, cri lill d bv' lthe(. ~ lll

t j(-jj :t ~ l op ll ( 1, 1' \\t'i.rlhl •I,,•l I);jllII|Cte. it i:; fn,'.tlll er nild included ill the hurhniital lIlvt r:a u|t
I il~l m h'la't ( l im I+.l \ lhvilll Ih l~l 'l ' ]n-h .1 tile east, of mo-st l rcrir•l ft butll not helicopters)

]V/:i1.,;, ll',;/it -l, ,'t'i'hIlt of till ajllhme in- (G(C liIiiIts irV sA tltdI aInd dItetetIminedl ill pt V-vent of
'lidilg :lll oIwittIl'- cglil p iplint that has a fixed MA(. Il Fli1'ie 10-15, the I'V-2 appe'ars tip-
1,,,.Iti,, midl -. :wtl1l:IIy plert, nt Ill the :iltl, a r lmlet, l~jr, xIIno h, v y it z Si ll lh,\\l hI I ll t* \\l i ,wei ht -: ld-bl l-
thlat iý. atl'-fl'lltk.', lpuwerphld• l :111d ac,. ess't' -,: lruts, twlwv' silt,|,l: fill. Ilhlt !llodt, l ail'cra.fl . Y oul w ill vee
t ippett fuelt- a ditl oil, full lhrth'•lulic' cooilintg antd t lilt, MI .\(" sh wln it tlhe tilp lii tilte allow lle limits
,lah,'-i. flueid, ;N'-tunlt . tl !'mt'l l '\'otlv'5: i oI'l i " pvlrei.'ent:igt's of MA( t! the hottimn of

plate, orfilnaiile . ttmluinliti,,n and boV-I-I/I-0--tlh, genlleral ,hslultioll of
,hllo.v•i•:t,ý,;I ,[xill , ipyrt•,teclIIIc•. atlld lIIle' 1111,/I,... ' o .o lle ,'Jht (111d Dhb m( ]ata. ]le-

nl:in CU l i• 1tml~ilnint, sides ,Zeiiei':tl iltnl�'t! ittlisdols. 1•hlll. c'hurt fto'rmis are'

;r''t.~V ,,,. 00 -the tot ii1 tvei.Llt of anll ai- providled. 'Ibis hook Iplus the spevcialize'd insttru'-
planlt, ;kll it.., |(lilt'Illt, tiolls'; foi. e:10.' tah'tcr'ft mnodel forill tile bible of

h', , ý ,t l 1,1/11 um.- mlt ar'llt Iitl\ Illit lit otr loading en ih air't'craft. A. e.. kmrate set of ,lhntrts
livar fitle lios,' (,f tilt airplalit. fr,,il \\1hich :111 ho~ri- 1• 11111(' lt 1-e t f r e c u i i m l•ilh

e•-. 1)i lgl, hitif ttl- miit' slwilkp thios VefI- III& vO Pi- a D
t'rtlc (hit II HOW TO COMPUTE WEIGHT AND

.'l.,-fu"Imnmu ttlUes t~et~rimlalBALANCE

d il t lt l l l " ' i l l i l t l n 'l i . 'f r o ml l l ith e l t , f t -r u l i ct t t l at l l ll l t o| • t i l l , h t 'I l 'e r r ; T• t h r e e \ w a v\ s t o() ut, e r mn i l l e a s a f e .h , at d

' f; t tht, it lhi. 111tltil' heloation of ('G f r .your flight.
.1/,)1/o 0€--lth, \e\"Ilht (if ;nIl•!, u~l p ied Yl

it,,; 1l.lw i i'ill t t'll ii'ilt difdli t i t, li. ;t tiit l.-; I ad io litig to 1o0mi1 N AVAE'A '-2ttn,

. i Ul iri>'i.t~,'•ttllldlllrtl l, i ntiihiiig , \'hich is; p plit, tlred
l4V I'ZInrttlIlIv ti•et toI SIiuip ifv iI, ttll, ti, h'lt',llhiliOlti-l l~ r t~ l I i I I I I )A 1- I f I 1 1 , 1i t a d xv ul • 't 1 , . ' t e li , \v e l g h t -11l i lt bl in l t tt , | )lc e 'ti r .

h o o, k - , 1 • ( ,,i 'l~ l l it 1 \ d id I I v 1 1. )1 1l l lkh a I twtv i ilo l di . t ' I l 'h.li s 1 . na u th o r 'i z e d f o n " ( h ts . 1, I l i 't 'l ':I f t . ( ' I Iv - '!

stian ih-d pr':t'ict 't. 1 tII.\ tl r ; ftlf require m lio cot;ndlm l l.t t lt-

r , • , , ] - ! , , ¢ '; + - '( ; t h ~e p i l l i t d t l, it It (\ h .1 1 t r o l , p , , .o v i d e d l lh m l n o o w h m I, l r e t .: 1 rr i e d l o t h e 'r t l a l l

: IiI 1 -:1ir 1,l 1111uhIt I I;11:1 1wct I ft w-U l idoll l. 111di> tho).o, fo)r \\vi11 h I'l'•\isio•n is IIIu (l.| ilt. the sllt 'ture11

I ilt'I t- fl '111l tlI Iv ret'tf tri ' t l tlce 1 :11 I l 'o I- , l l \" hv d I vHI- (d it , w I)IIItlet.

ill-' Itlit, ti',t+• In111ltlteill 11V thet gr'oý. mveight (,f tile"2 ('t)Il~lp lle ('('I li till(' ],"Imad . djustt ("- li1p

!,I ir -l", d 7rtpa re Vol(t'l1 )1 )-,6',", W ei0-lt-0id-
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]K li ,'v C.lcv,,rlo'e F"orml. i'tl , :hi rakl! iave rv. rt'l..ll to tilt ,'n e - f |: iv Nr i cl •] I llh)q -
(plirtu(I to file it 1N)v;o, ith every flight fie'ZII- 011 r.on htil Iinside2 of 010t)ile lo d ,ljuISter.
Wlth i ( i "0 (J- Ia c rI. " ae-1-I eI. 'l a-t-1t 1 V I'It I IWI)Id i tlt, io l side of

G. ( ) I• ptit ( (I fl iull Ii h lt- ( it- ir .\N-(l1-- tIlte IIilt' is . t, Ih:lsis• olh o i i he I, l l oa adjII, i, is

I It ,fI \ our iir,'Iraft. o:d llelt:iiv l]'oili 1)I])- de,'i-uii. The for\\ ard ald l Ift ted setliolls •|how

I;";l•. Tlis l:i.0t sv.steli is lle.s,.1v Y \%helI in lod:1d thlt ( '(G l] lilts ill terill. of iJtelt t.t M k( ' fInII:vaII

,I t I-ev ris Ni r, i fed fill, voIll lirvraft. Loai•, ad- aeriydvilinie chord). 11d it is frotn these limitq
],i-t,.r• ae v pi \vided for t lillispol t :•ia'ctaft ai d 1t at fie tilt• strip of the load auji.•t(2i . is derived.

thlioise \ilh a :..ritical C6 r .llg,, aId apply onlY to The ('0 position il term.- of lerevt MY, nd
Iiht. •-i,,rlfi,. :11irl,mlel f,,r NNh ,'h1 tll .\. :11-v l,:ade, inclht' fl'oill |Illc' lt-fl'i.'l-el 'ce d n IIllvI~V I t'lm] di-

I vut' I IV f 'o' l, I ht I I -'vI-E -1 IZ - ;I .\ ITY • I I I,

The Load Adjuster or Balance Computer All loadini calcIllatio us -tart with thle hair-

Thie ,'ihietl top St rip ,'f tile lhod eIdjiustel is line of the iltl•iiemoi ovel" the h:iai( iind'ex. Frolli
lhe guideh to :a sf lo:itiuig. Thle \ehhow set'iiuis lthle oil it. takes odlly two oper:ltloils to lo•d each
ili,; re-lr li 1i,'t it I. , I I plvelil vxueedi'ig of thel total.,s s-hotwn 1 olI t -it' ]",lo I 1)1) t,.F". 'ThIe
the ltlo iit ti ant ld tist al t liliij, at landing. first step i' to move the slide until the "'0" vertical
lhizlit ill the vellthw ,ailioll area is not permiiitted stalltiug- line of the scale iiivolvetl is tinder tile

tilohi. wý-tr i-ll ivil oi. l fht co' lIitiiu. :mirlir e. The Iliext step is to Iliove the uidlicator
Wflit tiio•\'elileitq of timt, itulicat, tii lsltite5  the ttlltil tile hliirliuie is tver tile \eiight thilit is to he
,'i:ll-ein ,:l~ll, o !.,ilioll :1-s hload 1• ,, 11d d or ex- atdded•. "Yoll t]'•en I'eald tilt. neWW iIudc'x ureter the

I)evlded ill ttIVi, of lilt 1 X1V•N stALE Whic'h applears hairliie oil thie index scale. lit th l ottoiii of the

Soil the I litllt ni of tie I irle. 'li s lildex -,ci'le is rule. Repea t thesiee t\wo Ol)erations for eac 'h Ioald-

: : , ,'eft',,,ece ;:;- is n:ite'ticaliv ilg total thlat appeal- on the F"orin D)D) 365"F.

START MEAN AERODYNAM!C CHORD

Ffi E _ THRUST LINE

" A B C D E

16 103 163.9 216.6 251.4 316.1 468.6
_i Jji I I / I I -ifrJ I- JJ i_ : i�/.1ARM
20 40 60 80 100 (INCHES AFT OF REFERENCE DATUM) 480

ALLOWABLE LIMITS OF CG TRAVEL,
23.8 TO 32.0 TO MAC

6 ,Figure 10-15. TV-2 weight and balance
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. Ii, ch, ller Ii it i ;l Hti t I)'ilt' l" thllk the 1t101 4 ,',out iitnnllt revolord of whilt is ot' is not In I he fll,-
:11l)I ,:lr '1i, tile D"Dlll 36) )l )"A aildll tvi t leO I} ' llt- p1:111| . (-'liar{ It Isa i1 \o ~ ii r vc(.ord. ll\'I 'l ]the

.ull il i gl hl~ l e x r e .:~ Id ilu r I I ll k llt, (i .X t I n d e. x ( .:o hlt lll il. li l a l l 't.e . ll ! i i t \ (' .} | t '1111 , 1 w•g t lk ild . llo l el t] o f t ile

"• h ]n liil()Vill, lle .i'e. hi .stlre thait you dot- ,: Ii' li l) i ,e with |lio t aiccessot' iS. ('h11r1t C. filled
1ilt livO','the indic'altor': :li([ %%hetli llt luig the ilhtli- (fiitl v lY aill ite llatie or d. & i{ .ihoji.,('lilie w the

';it{to to :ihd VoIll" tlt;tls. see thi:lt the' Slide IeitioitIS totai l weligh ail Ialnollit tll of the klsi, tii hi te finl'-
ill I),,-.ili~m. •,\lll-d as• acvl:(.'l't s , :, r'.t i dde'•t hd ol' renllov ,d. Th'le

last eutry of this chart is the first item in the ch'}i'ts

USE OF WEIGHT AND BALANCE tt.sdl y tht leihot.

CHARTS Yol' )ilkte tile weight, itittllt.tit, itl(ltX froilli this
I irv 11- o (hn r C lt C for the first iteill oil ""oi't11u

"I'lw 1)1 )41t;: 'li t f . : ill s i-. iii 1( I)1) :f;:,'" h, Cctue 'Ill';i t' fot In. YolY uset he itiidex
,,i , sl•,• '.- l1:I(h, 11I) for e',1 -l, ' ilvi\id w..l :11-ll' l e;l,. w hev iuslil" th,, Io)!( ',l(Iji'te, r, hilt yN I ( o il ls t ile In -

(.lititi .". (1)1) 36.1.\) gi)Ves the weight, 1111 ,11ViIt. ellett whlt tisig the ('hllt I .is. Chal t 1' p ruivides
IW O 1 10 l ), :i)(1 :1tI'I for e:i'h iteoin of equip)- the ii1' l il.ti i f (ir ie't'rut ciar,,o ainid pil l.•s ei•t' "

;I 'I ii l ;ii 0 '. piI *V }h \" i.'ul p) tttili'tit . It ivru vid', .viiglilu ill Ihe V;lli l tll t. h"4 l ~ ittl llt'lsl ftls for 'i f i tl|{
olil 11N" tmllkl l<)iltill<l, and fort v~irli)ll:.: iti'lli|).]i{len

14)1(1 lig'•. ].(ook 1t1) ill (Chilr([ 1," thet illOlliltl{.• for)1

thie Al':ll(tll:; ite 'lt ill Yo(ul.t .litt rl 'ft allht llicl' theitl

S........ • - •uo i rl l' nz ill the I,1I1)1 I': ')lixesl adi ng oI(' |'

*--'-'**''m 15g the itIN tiko-nir.II 't tc-o
. • .•. .,•,-. v• •,." ........ iln{e \\']Iih fhleirI,'ll.l Ill the 1111., raft'. Yo'(ll |lllý:

:'7;;7;:t, '" ,', " eft', , .l i t(I wihg\., ht. (if 11 ,Iv ,(i' "I ((t h,, tl| ot.Illl ,.ilt

""d. At U..:,|

I--.- I 2 4 '' livi tota~l we.ight: iitist not t'xet'd tile( I'eeutlt-4'H
_ . Ill g il l o1 'X i I) iii 'ts Sho ti'wnV i d n t'hIlr ]' fot I ilw-Is .fS.... . . . . , '' 'l ' I, ']'k , IllI()111n1 lit tilkte ()l ll -l' "6• it llh the, for.-

-o l In is I)(

.,-ld UIft lills shown Chart 1 l

, , [...... . .' I .. ..... .. . t' i g h t . I f t h e NN V i l t is to o o r i f i l
-- : ' '.! ; I ; I : l 11 " 1 0( l i t ' l l t d o e , ." n o t f a ~ l l w i t h i nl t i l e l )r o l )m , r r a n g e .

I,,tl oil',I.

Izl ,•/.,,I I•.l :/l~ll Iliakt, ':* rrecllo, l l(n h t he ý;plwo' l)ro1*( | l| h rl

' 1141 i -i I i .. . t.,
F.gur. .. 0-1. Weightindblnceon•i,1 rnp1-;5 Vt1'itluii' lotI\iltt tIeiw I ft lill gin withi l

ilo llli foi 1111: of.Y weight 1 li,;(tll

and.. ....... o ..version ' )lie i t'llr seiti, si'tlollrliii . hit.h s.i nth ofi lit • ir wil

'C-??l. oi v, A t l 'ollihl ",,l'l, the F'oril. I) .-
ofi tl 1)-1 0 .. Il I h is :.'ce; ;1.. . . . .. 1"• . .

i , i ...... , .. • . Iti(" Form DD.-365F

j •,, , ,- " " i? { l'li 1 ) 1 ) :/(;5 " . li t' \ ' I'i~ l il i 1 I :: lii i

DD. -,-365F (",il'g(" ',1ilid 'llc t;l'

Figure 10- 16, W eight and: balance form , transport )i" r i III1c coiii(|,((lllpilli~' l. m t ýl ii •l)ld ~ ~
and cargo version he li' nt-Il ,-ii f i .'V.'l•' I lip I w Iil o~f I Ilv N-;lI il~ ,.
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14(4015 jli (111(oni(1 4LtmenlIt iiois: be klnowl(. On l.;:i,:CllU~i~~

lFoz'ii PD1)-:.;rF' t hey iiust~. be tahullated. f~r114 )ZI N~H 0 ~~
Form11 DDl-lttF, is the siulliiiiai' of till l0(100 lltl* l

(i'Ikposit oil o(f 1o:oIAIi the aizeIrc ft. It I'&'eoiuis tihe -----------

hkkiiwie s1:1tws of u(he auircrift "tep I)v' step. It i',1i I

llC4'('ssa1'~~~~'i ....... ~hF~I'l)3;5~ ~fo~ A. .,~S.

flight. wilelev'er tii ll alllcrft- is loutied ill ;I Ilillliner 1
for whichili) prjevious labuIIlationIi s :1v411ihib1 or, ~'"
ill tiio ('((st (f (lass 2 It' 'Ioft f tii II'VI1 ~ ~ £

tIhIl(IlIit loll kS II(ll'n thll~t 901 &lN's o(ld. LIIIoi{ ov'r 4

i-It; anw 10-17. One is 1the ti-m1isporIt (r1)4 -

and the oItiher tilie. t Lctivid vers'oz loll. 'i

CRUISE CONTROL 1to

Ill lojg-ri' ilgir tri 1111)0 t lk114141 ft i110(1 iIl jet "tIL i 1
1I(ozellft, :L 1., 01 itu l t egizh~te theile f 'oi 44- J ._ :' ~ 41
sumptiJot m(1 idt to ma1.ke sure that fuel is nlot beinig I ____ -tt iL

;I, ~ ~ F :trnf ofguain rs eig-it, ualtittude, _______

rvllirille ]0'lfol'iII(I1n'e. p(owe'r con~trol, teliliieiuture,' A-**''a5 1

Mid0 so) ol. 'I'll pi lot. 1ll liA 111lllw, a choice beI.fore' A 0 ooj 4 --

W ~~~t:(kcfly of tilt- gro~s weighlt, fOiel c'11Uilll. 1111(1 Il~ti-260'~:

title. IloIe 0st, colfliplite front this dat:a tile rate, .7i~

oft fuel (onsumpij(hinl sýo thitt he knows the :tml(ounl .......

h-elVres. 11l jet ailretu f t. th1is ('oi]ioltatioll lhoist be Figure 10-17. Weight and balance form, tactical
Ill col~l5s4C4'leale f(l.tlil becI('4115 tilt, pilot hits~ neither verhion
tile XVo'kiuitr Ij( l or 1 till- tithie. to (Ill e(11hoil4t(' i-t'-

441tltoll 41 ill flight. Th'le jet lises fuiel so flt

A illisoft ili ' '(1114 llIv.i(( C 4ill('41(l (Ifv 01' i leitili( ter ('iIfl i)(0.1,ýS tie Il Irc t is1

sltIIII~ opligs.n iltldv 11144(il4tzg jl tiis 41141 oiiiier tntii ceci k polints. 'Ills l~itj~u'.t Clin I sii'i 'li compait(l
('011sidel(i'41141i1 wiit'li Ill-(, not witihili till lo viVIl('e with thle plellictei' (ohSllllllt loll liiu' to dleteriiiiiiz

4 ii ~I,., 411(,I ~ Ill till'e ' 14 )llCt I II 141(Ihilokl for ( )II I4144' trIip, ti Cii is 11 pioinlt w here it %%-Il

yourail14:11c.tile th sw ll, ill(. o coitilile to estllil 10-2of
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2. (iS retl' llillitg ((;Si-).. with on(11 e •ilne ill-
operative, b~a.•d )In oitiIIIIII ranlge iiiirslpeed find

lti tlde, from t he 1)tl fwny polit.

froil hialfway poinit. . ."

f.I'The distance to I , 'l l itile point) is_,. 
--

theI )il:'I'otl )it]Dit. of " llighfl × list r,.-

N, ~(Ts. + (1'se c

'I'lIe tint, to 1']TP is tlt. distaile to FTP et it.4
(i.So, higili• cd )I 110 i• t,.l . 'Ilt hi, time is
511(N1WI oil the "1howgozit" dihait. As the aireraft

approache .1- 111, the decision must be ntiiide .
ilh.tler It is .ILfv. o far it fuel col isl I"Ipt loll is.

1*0 10, 11',m ' 1• , t.t volilllut. to dv~tIl;IttI() ."-- " •
I'hle 1--ItrI gelZllliv'lt. of it "'h1ow.ozit"' dhau't

.- uhld /tike 1111ny for'm,•. dheplnd ing Upllm the type

of jiri'raft for which the chart iS plrepalred aid
} 0il, nature of its roates. No partivuhlr arl'rlllge-
,i'tlit is rvIoll II ell(hl here. Figure 10-18. REST computer for the TV-2 airplane

Jet Performance Calculators
It 1 .t. Iltt1 (fri&'thest to the right) to llxiL uIllnl-ll('colt itinous

F"or jet itl'vr aft, two ,'liculit'or o t1uters 1AS (farthest to the left), 'l1w encircled dot is
1r10I Ised(l to (heterm-tine fhel rtIdIge Cfole III dr-i i defillite indicated aii'l4ped foi- )Ill altitudes,
i light. (),--,lttl the RI']T , -i whili will give loiatr--a el-hiletc l ', .A traits
II,-d for stI'liglIt-aIid-level flight; the. other-thi

'limh and)e senit 'Irhhililtorl-is used for cliiib- ilr, ut rotating arI Contains fil index lfil used
il takinlg readinigs.

ifi, 'l let *ing down. I'Sluldly these two cruise- "r'o detei-min, ft, l to b~e constinied fo" it se-
C'on:trol fools appeltr oi the ri'evere sides of the le'ted JAM for it/.rie liie att he desired 'iii

sa e'k'ew iSh i ('011Vei'lt cireihtiri pli- aIlt itiude, set tile index line over tie desiried ]AS

ti- e t..l~he r, IIJI'hjiiite, i •,to tnake. tre 11| the proper altittide-configuratiolt box oit theit Ist ffiplro1. ritte one for your itirpluite and itsI~lWof fe.simill di.sk, and over- the corre.sponding imiximumi
t•vo id elldtrilli'e IAS imhdex-of the, ]ar'•e disk. Cam'velft

REST Computer I.S to "I'AS hyuse of the conversion table on dth
'l'lle la rg e , d i .ic o ,f th e M ES Tl ,,o i nllp fl r c M - h u '/.g v d is .-k ] )]4tw th is T .\S o il th e m ile s 4v i'l e] o f

.. s of ( \"; to "I'FA i' ',si~ . 'io) l - tile IllediuIll disk oppo(site tihe 60 i hdex on thlSSIS oflCAStoi l-eildvlioe 1Ao (('AS) itiltxos, I'll miittes .citle of thit' hirt.r disk. Now tiet, fuel,
a.ld it c I ~hr tlil(e .'.ide dividred inlo hours utI l~%tmdni~ ai slrll l l/ld '3
idi ite. Sve lig. 1U 1I.) 'l'hI "t'diu"i (ik, V idinag the disks ill this positiou and rotating the
wi iii totuti' ,(Sc tje tog.D th'liv iciliu (lis iiadex 1110l to thet givell 111u1e, youl (l111 I-end titerotllt,.s Ill'iiv toO life' [Ill-ii olili" liltl [1ll I'P1(1111

iv l i ,,li] t S le Il /i v , t i , S u lti a ll ii1- l ti ti .te s o f fl i g h t l it le t It 'V i i l lle 11 11•1 f l iti ll' i l e . 's y o

i-- c h ll' r lfi the bite dl will covvir ill it ilo-willd (oilditioll,
Iit, large disk, 'Thw siwitlh't disk hlsa •cuth of ''his iroed'ilv is lstul fill h•l(' following: te'
fu,.I l! 1 i.;iltit , i i:dl,mI L; ' (ir polulnls; ch(ck whiih lil'l nrtll/. of lth sii. ill disk it iLhlli.,li',• a fuel
W ,I il y0IIr cas(e). :Ill([ wilhowS (oftell c olured) oi4i1liI],t lol rIte for :t c('irtLiII altittitle, i'xtel'IIII
lio vIti•.Iolil- 1litut' IlI..t'< %itlll w1ith Nvithout ex- tiiiik (con itioI, a'nd ltitul h,. Seltin l tfe hlrge
te.l-ilL1  tiLik,. 'ii ,lldiieatlhi these witdows fir'e disk relates this file] CoIisliil)tioll to tile., 'lie
lnlindicteld A.ir•etvd-froll llzxiax -rIIiIII-zge I,\s iOIIri'I to "Y AS find thi s(''ltilig of 11i11t 'AM
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wrong altitude-configuration window oln the
REST computer. Do not rely on a color code or
other device to remember the proper window; read

.•the altitude-configuration designation each time
,t"' + to be certain.

Climb and Descent Tabulators

• -'- -.' 7.... -' The Climb and Descent Tabulator is usually
.- , " . - ' . provided on the back of the REST computer. The

outer scales are marked to show whether they are
for clintb or descent and the c(Configuration to which

..... they apply (Fig. 10-19). Climbs and descents are
computed for a standard day plus 15' C. A stand-

. ... '-. ",, , ard day is used here to mean a day when the tern-
perature is the same as the temperat tire in a stand-
"ard atmostphere, shown in Figure 10-21. As you

0.'., can see from this table, a standard (lay at or near
+...., ."sea• level mneans a temperature of 150 C. with tile

lapse rate about 2' C per 1,000 feet. up to 35,000
feet.

Figure 10-19. Climb and descent tabulator In effect, then, this computer has three tem-
pernture settings which are equivalent to a hot (lda',
a normal to cool day. and a cold day. Set the

lit the s.i'edi itlex (6(0 main) serve to establish on proper temperature index below the altitude to
"I-t"ithu Ieudtilt disk the relation bet ween, the rate of or froni wt id1h you plan to clintb or de.scend on the

! (consumpl)tion, in time, mnd thi miles covered, appropriate outer scale. Time, fuel. and distance
T'o deteriub, maximum endurance fuel, fig- covered for the climb or descent. will appear in

urv an air'speed of approniately 200 knots, windows so marked. Ii addition, the climb and
iThat is clo.se eough to thte itaximitum etdurance descent tabulator has a schedule for climb and

airsptvd and the aiM'raft is itore coitfortable to another for descent, showing airspeeds for differ-
1 lit 0th1at. airspeed.) ent. altitudes. The indications of the tabllator are

Wiunl effc.'t ulpom gIiuI speedl nitty be d'- based on operation at those particular airspeeds.
S tc'ii ividlthlier before take-oll frot forecast
,wili.ds, tr ini fliglit fioin obsterved groutd speeds. SUMMARY
A fte| s ttilig uip the fuel/i ite rIt o oil the ]?ISE'

ti'0,putle,, rotatit the ittedittm disk so that. the For every flight which is more than it short,
L al' 'u iii sp'edI alp•ears whvrve y'ou hltve otlirw ise l(wit l hop, there must te it. least an hour of flight
hit "'IAS tatainst t l)e spved ilmdex. The uItiles- r.- pllaiming. This ietins maoe thin just lplanning the
'llilllttts rat io is llow tourrected for wind. This is rottte, obtaining weather, and It reparing a clear-
c)itil-'vly 1)lt,11(w .sill-y ,))t Ilights from a biise niut- ante. It iis qually important that you determine
.u nld-.ick l.iull.St ;t wilnd which iprovidies a hqed- that the gross weight on take-off is not in excess
wil ,)Ii out, leg will lrtovide i taihiwitul oni the of limits, that the take-off rui at. that weight
it ltr h.tg. Ill thi case of cross-o'luittry flights to (btted til the density altitidtte of the airport) is
aitoth lr baise, Itowivet, if thitre at, high winds, within runway limits, that tile load is properly
witidl Ot'cit shohl bew voinsideiril Ibth il preflight (dist ributed for balance, and thiat there is enough
I ailhttliug, ttiil iga;tit litter in fligtht after acitttll ful aboard to make the trip phils an adiquatt re-
gl)liiiid slpttd is kntown. Willd ]effect (iorrtutiot serve. Th'I rapid fuelco(isuiption of jets requires
is niot miorlltallY Iltd % htltlt thll wiuilld is oIInV ;W-10 careful attention to this point, andI (onilittations
kitols. 4ll the REST voniptuter and ot tilthe C tli and

LEvel, evXletritnt'd pilobts solicteti" tt use Oliw Desco entTa. l hater.
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PUBLICATIONS

4 N l,.-lit IIll aIl o] ft il.rht plhnning itnvolves the tl orou,.hly famuiliar with the i)blication. il,-A 'iv of :Iplpicilubh pmhlic•tions. wvhich are pro- volved in flight plhaning and flight execuation.
videdI for thi pilot in ()peruations. Some of the.se
piublications live also 5carried iii the air-pinne for PUBLICATIONS AVAILABLE

A use dur11ing fl ight. B~ohlte",al~titlidps, fuelI stops,
dsl i allmi1•, ad1 l tlht. liare l determiled from Ien.0 are tile ill)]ictlionils which tile liilght
l-l:i 1owillil1( chauhts. Radio Facility ('harts, andi l'hunning Section of each naval al. Station must

-~ N( )TI'AMS. From tlhese i flight pihhl is prepared. keep oil hlmnd for thie oN Of pilots in i l)] rI
tilitu' Imbli'hatioiis provide hellpful informatioi tile Operations n•d A.rology (A)lices. IPublica-

of im*y kitlud. '1"1i, 1"., A\il' For'e-,S Navy hi- lions in the list below which ate 10marked \Witi ill,
'1.- .1 /!,.1. 1I I',,6- ,/J/ (Approa.b for both ws.lt isk are discussed in gren',i, " ,letl la hiter il
high :11 1 im tl lt(c,. comlil ed t I-ill t book this chlapter. For fuither iiifonlriltioi oil these
omIvlimvs c0•hlld lhel "tl ihots fl andbook," fur publications, See the ('ata0lolue .f .l0'/'0f l/?1t/

plell•. pI~ride, infoinla, onti onl ( ripproaches and (Chart& an[d P',li/atiOw;., 1. 0. I-V( )
letilon. 'iF Ikvoid mila:IkeS and(1 to ILt'((lin, 1. 1)ir1torY I. S. N. A. F. and N. A. F.

l'(.lllll l ,il ill fliLýhit NIll •you ' lould Ili ()uIt& idv (',o tinen d I;. . II. ). ,Ih l ).1 ] -( .
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2. Directotory 1. S. N. A. S. anzdl N. A. F., D ivisioi of Air Navigationt of tile Nlivv Ilvdro-
Continental V. ,., 11. 0. Publ. I)-502. graplhic ()ffice is cogtiizlt. TIlle "'. S. e(litiolis

*3. 1USAF-I'SN Il.i'trumet 'AI,,oach 1'ro- are revi'sedi and reissued every two weeks. The
('Cdlurc (Charts ( "Pilot's Handbook")-ILS, VOR. other editions appealr p eriotiodally. Be sure you
and l'acan biook,,, ,lal dplhtie Series (high atl tdConsult. the c(lit-ret edition.
low altitldesl), alnd Seaplahle Series. Iii addition to tile cliart and r-adio facility

*4. Nava/ .11;r',at.s 1ilot, 11. (). 501 series tables, Ratdfacs also contains valuable information
"",leplfe5oni") . onl hoiing and radar assistance services, voice

* ladio Fin- iii v ('harits S'eries. procedu res, warn:ing areas, ,.S, (( 'A, aind niyn
iG. Slupplemientaluy Flight In1forniat ion Doe- othelr items of useful in forilat ion.

utlnent. lPerhaps the most useful single iteni in each
Notice to Aviators. issue is the "Spec'hal Notices� sectioln. ilhese

*8 NOT.AMS (Notices to Airmen). notices 'flag" Inmlortanut cillilules oin theiri first ap-
9. Melliorlaiidl'ilhlt for Avhiators. peivaiaice. For this reason Vou should try to see
10. Air Almanac anid AstrlOnioimt:icl Tables. evex'ry single issue a;s it a ppears. For illstance, tlile
11. •Stanul'lad llivigatioli and coluinui[catioil iloct'inte for positioni repoits and in-flight weather

refrenece books, reports is often cliiged. I'h e 1, ed iatelv afterl a
12. Copies of local regulations governii ng field change. the change is listed as it "S%;pecial Notice."

oI)eit.rtio.s. Somlte of these "Slpecial Notices" aire later ilinor-
1 , Fl iglit (learancl('e Forlns, 1)D-175. porated in the ia pproprilite sectioln, while others
* 14. Naiviglator's Logr Forli. ipea later its changes in other books, such as
Ili addiIhioll to t lip.e, vou will find WV. A. C. tile sUppllleinelttlitl Fliglit liiforiiat loll D)ocu-

Charts, it master daltter area ti tait. a large figtlith nient.
pliannintg chart for cross-coutnry flightits, and Rentettiber, thongh. that the Ra]dficts books
other aid.s at or liearm- the ()peritti'tos and Aeroliog tire not( ifilllible. It is ilitportiant for cOniinand-
()Ofice. ilig officees ailnld indiv'idulals to report aniy discrep-

ancIes which comie to their attention.
RADIO FAC I L ITY CHARTS Abbi'eviat ions and symbols tire used widely iN

the Radlio F•cility ('ht but none ti'e use(l
The title, A'adio PFacility ('har'ts (01, in Iab)- without explanation of their meaniing. Learn the

brevatiou, R1adfacs or Iafacs.) is ,1 " iel-.ll title for pcrimainry abinev i itions aind s• itbols, andi look ui)
Ia strl'ies of tell booklets whicl prov'lit informalthn aniy vou (to not know %" hele voll see thluwi.
on r'adit atd radar aitds to the aviator lhi various
regionis of thle world. 'Iwo oof these, familiar to till LFIMF System of Airways (Black-Print Edition)

ilot s, colteerll the I'n ited St ates itea : odio The low ad Idnedillno fl'equelicv sys'teitl of air-
FI'uvililly •'hi(:t.Y ltnited St;tate.s L.F."M IF EditiOll waiys is desigllated on the (chart pages by itiitibel'
(bhlk print), and VOR Etition (illtie print),. oill c•tlt. (Green titnd Bed ihirwaiis tire lolttedl
'The otheri's. conceirihin g arteas ot.tside tie coot i- east ind west . Anber ailu(1 ]I tie nii-r'Wlas iile
lientitl 1. S., tiue dis..cussed later- uinder the headilig plotted tiorthh anid south I hilots. prsoutosilig 1FR
¶of Foreign Navigational Aids. flight along tontltolledl civil air'ways shoulld indi- i

WVith ill, exce-pt tlo of two w itt-els, Afr'icai- i'ate ini their flight plans the ev\eni- (l 1 odd tlhollsaltil-
Middle EPiast alind A lUst mlia-.,New Zeall tid, the feet altfitude above sen I level t he' intend to fly,
i 'iiilit ilifg of ie It'dio F"a1cilit/y t' ut, is done by detelidilig oil thme di'etttioil of fig"ht. (ieni'tall,
tie Aeroniatutical (C'lhatrt aitid hifortittito (C'eltiel. otil (Girven id Redl ailltvi, etlotbollit flihilts
A\fr-itIi-Mih, l-llist is ptirited by the Btitishh Gomv- sloutl be c(tluluctetl it tit ti t h•ttIllttlili-foot levels,
etttiltte(lt Itild At% l'list-New• Zeallalid is ti :lttd bl-v wesivtbttul at evell thlititsitttl-ftoot lt'v1s: til Aill-
the New Zetalittld goverittitiit. 'i'ltt utttteltt ;iol belr iiHi llu'.i • t i vs ltt ritilthittlild fliighlts. htotld be
correctionsl of these buooks are lihaidled th trotugl aill collthl'ted lit odd tiousa ild-foot levels. soil hItluoitid
tif ftie iu'nd fortes. i lin e case t• f thle•'i\Y. tile lit evell thousniid-foot leve'l. (See igire 11--1.)
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RADIO FACILITY CHARTS LEGEND CHART LEGENo 2

4. - . f .t :7"o .- o% t-- t- - *..... ...... .. :. .~ *f•" .. .... . .... .

j-, __ _ -- ,,_- ,'," .k-

0- 0 " . \ Iooo -- ,,I....". ....... ,..... ,I

, • ....... • .... l ...... .. ! \ V ".. .. . .. -,. ,

S....... .... .... [] ................. .. • ............. . . .L.2 _

FiueI -. lai aclt -hrt Legen---lF., MF

N.

Goo'=.-.. . . . -aI Go

VOR System of Airways (Blue-Print Edition) ftight plans, wlteii t ratlie' ,.llit ions On the par'-

i .•~~hown in the RIadlio Fahc'ility ('ha~rts ('on.i~sts of Air Tr'Hik ( 'ontrol. La•teral selnirit ion of this

"+ma iii' air'wayxs and "ii ternatte" ai rways ten t,,ple is not used, howe\,,ver, withIiin 15 miles• of ant
hi~t tute hiles• (or 8.i ijault 'eal mailes) in w idthi. oniniraitlgt station. Within a r'ad~ius of 15 miles
(See Figzure 11-'2.) Ma ~in airwa'ys nor'maNlv u.re from thle stattion where vomn':ses c.onver-ge, AT1('

sh.ig~latell on a straighlt line bet weeli s•uccessive uses Mtilt tude or tine sepliattion.
(1thiIiI'iZ stilthioii. Altein it e •i i'ays ae lh d V()]Rai trhwavs are nmbmered in a way siiitlihn

-oUt Ocl the side of the 1101i1 alirwt'tv, usually (I- to thle nutnl~erinig o)f LT. 8•. higzhway)s. waiys•.
- put inz fr'ont the iluliii •lil'wiiV lit till ohlliriliile Wlhie'h 111 gzeieirilll iiorth andn Month hav~e oddl

,Mtlith oi t t•ui tingle of at lea.t 15: um(d irtuii'itg i nllhlll)r/, and tho•s(, which rum gzenerally easlt Illl
1
|

ait all UI oglle of lit leas.t 15) att thel new.\ olin/i langlIe we.st have eveil111 titbers, As• ii the higzhway?
sitU tl . .\ltet 'ltite l[il'\IIVs ;tile (le:•iigltted lpri- huh iexitig sy'steCII, ti seglment of 111 atrvwti" \which]

lillril v for' lie ihirlose of etihlislhig hlaterl': is (co11t11oll to two or itiol'e r'outes itirr'ies the nulni-
:' .,selpti't ion het ween ,titi'iaft ohlIxtlt inl~ (Il ]II'1 hers of MIi ill :in' til Iivs W\li'll ('ltii'i~ll fill thlitt

t 57 R/2-3
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RADIO FACILITY CHARTS LEGEND CHART, LEGENDo
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S~Figure 11I-2. Radio Facility Charts Logond--VOR

N' s'gtileti . For eX unl~lle, betv ~eeii St. l]).1 .i. sand Siiin! th ,i' art'it )itiiltli'r of we.,t al ternalte iliiw~tlYS
i Fit rliihit~lgt ( Mo,) "\"' \i('t or) 9~(('hiicia o- iilo)li V ut or 9, It t rflett t'leai'a lit'e speifyving ic

New Oatin.) ialit "\" ( Victor) (69"` (St. Lo~uis- tar 9t Westo~ liUst ~nhudlie dile li illies of thle oinii i -

Wa'ilnut itige,) iil' (ofllimon,> alndI ir,r<itiittticail r-iilies foi'lniiit tile pltrthulti~ allternitite. airwiay to
chitrts sliO\v both air\wty" liltltlIt'I5. InI stic]i diisCS. Iit, u.seil .(1 t liit thite'rt will be lit (l(Ibth

f .iwen You file a ftight i)ltla, yOu miee indicate only

thit ntutlna'r oIf the otI.lle w}ich you will be uisiai Minimum En Route Instrument Altitudes
If tile fl ighit will 1e 11(1in S't. l~ouis to N•ew .it ituade levels 510teivii a)it chllli'ts foi' airlways'

()rleairis. fair i ist tlicie, Voil will sp~ecify V\ntor ! iln the U>. ',, tip)lVl to IIWI1'V,5), ktwt'l\ei t, nll(io ranglles
ini thit( flliih p)]lan. If the' hli~ht is fromt Slt. Louli. ,)i bet W.eI no, n iid• nillgi's'. iiid repo)€rtilig pOints.

Altl~erna~te, uimw'\'avs arl idlentified ty teit, il'o- \\itlili Ilie ictualll linmits (If flaie Civil Air'waiys (•'
(lit 11111\withi I'-le)hlet to thit S--soctCttll iniliti atr\wai8, anihs either side of thieir It114t ili., I Fit ftligts
• \jictor 9 It i !•l'' ita ic'itts liIt alltemin~itt aiWILY\i 115- l~ltllig the SiaWIL'\ ' ili'e niOt to 'It' (,(liidut'(~l atl Io ~t'iq"
.< •ta)t('tle Wvit i, 111i ly],ingl tI) ihi' W.'csf of, ,'Vio etna. iiltitaulest itHil thlose ,s!)tcifh'd, Flight levels tife

1.--4

11-41



ALL-WEATHER FUGHT MANUAL
NAVAER 00-80T-60

sp'ifid in terue aitude in feet aboIe sea level, data. Only the more powerful stations of a city
Indicated altitudes may vary con:iderably fromn are listed.
true altit udes. So use higher levels if you are 5. Loran Coverage Chart.
in doubt as to temperatuire and/or barometric 6. NOTAM Code.
changes. This is especially trni arounl moun- 7. Q and Z Signals.
taniuoua areas when a wind is blowing over the 8. Data on airports and procedures for clear-
m)ountiaiin and causing low pressure areas on the ance to foreign countries.
lee side. Differences of 3.0(10 feet have been known 9. Direction Finder Procedures.
to exist between true and indicated altitude. 10. CIRVIS reports: Reports from aircraft

of intelligence sightings.
SUPPLEMENTARY FLIGHT 11. International Communications Proce-

INFORMATION DOCUMENT dures.
12. Weather Broadcast Codes (mostly inter-

The Supplementary Fliglt Information Doc- national) : AERO, TFAWS, ROFOR, FIFOR,
umelit is a Ilnatchilig voltlnie to go with the Radio TAFOR (TAF), TA.F()TiITAME-f. RoFOT/
Facility Charts. It is p)ublished and distributed RAMET, AIREP (Flight log form), POMAR.
in similar fashion and lhis the same general ap- 13. Ocean Station Vessels. Ships in mid-
pearance. It contains information of a more or ocean which provide weather, position, and rescue
less permanent nature, useful to the pilot, radio- services,
Jni, and navigator. It is reprinted al)proxi- 14. ICAO place name abbreviations (4-letter
mately every six months, the schedule varying instead of 3-letter as in U. S. A. U. S. names are
with the nieed for revision. It is corrected when the same as in domestic use except preceded by
necessary by Military Aviation Notices which "K').
should be attached to each copy when received. 15. Table of Units of Measure used for vari-
A copy should be carried in every radio-equipped ous aviation purposes in U. S.. Canada, Iceland,
naval aircraft on civil airways in the U. S. The and ICAO. Example: Is weather report of visi-
coverage extends to all North America, and the bility in nautical or statute miles, yards, kilo-
book is also an official document of the Royal meters. or meters? (U.S.: Stat. Mi.)
Canadian Air Force and Royal Canadian Navy. 16. Metro Station Index (weather, interna-

The Supplementary Flight Information Doe- tionral).
ument includes many items which the pilot needs 17. Weather Broadcasts outside U'. S.
to know and often can't fin,l: 18. Air Traffic Control Procedures (C. A. R.

1. Conversion Table..: Barometer, Inches to Part 60, Air Traffic Rules).
Millihia rs; Temperature, C. and F.: Altitude: In. 19. Flying Regulations, Clearance Rules,
Hg. to feet.; Meters/'Feet; Kilolneters/Miles (Strt. IUSAF. 1SN,RCAF.
ain Naut.) : Miles (Stat.iNaut.), Arc to Time. 20. AI)IZ Rules.
(Some of these conversions, however, are easier to 21. Approach l)rocedures to certain V. S.
inake on the EOD computer, explained in ('hap- cities for overseas flights.
ter 10.) 22. D)esignated Mountain Areas, to which

2. Sunset/iSnrise t aldes. special I FR miniiimnis apply.

3. Time Signal Data. 23. ATC definitions.
4. ('onimer'ial Broadcast. Stations: ('Comunier-

cial radio ýtaiions iiake fine homiers Iecvusi they .
oftenl have liu'ch inore power arnd rarrze than aria-
tioln radii) fucilitiv,4. This table lists the stations
b)V state, with the latit ide a11I loigituilde of tihe
transinitter, imiagnetic lratiimrg from transniitter to
airfields, friqlUluny. hlOlll of opemit llln andl othl.r

e. Jr
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24. VOR receiver clieck services. How ac- Every pilot should know the existence of
curate is your Onini gear? those portions of the above list which are appli-

25. Definition of services of ATC. Flight cable to his operations. If you htive not previously
Services, GCA, ILS. read them, look at those indicated hy bold face

26. Air Traffic Control Procedures: Flight type before engaging in instrunment flight.
Plans, clearances, approach control, airport. traffic

control, aircraft, lights, taxi signals, position re- NAVAL AIRWAYS PILOT (H. 0. 510)
ports, in-flight and post-flight weather reports,
emergency procedures, fuel and aircraft servicing. The Naval AirwaiyN Pilot (H. 0. 510) is a

27. Range Orientation I'rocedures. series of volumeis presenting Important a iriways
28. Holding Procedures. data. The pages are looseltaf, aild regular re-
-29. Emergency Procedures: Se4,rch and vision pIges are issued. H. 0. 510 in two volumes

,Rescue, Distress Messages, I)itching, Submarine covers all of the U. S. and Alaska. I1. (). 5MOA,
EImergency I(lentification Signals, Reporting Ac- B, (', and I) are regional volumes containing the
cident or Forced I,anding, Visual and Htadio samnu material as H. (). 510 but for a slpecitic
Emergency Signals from Survivors. region. Normally, you w'ill carry only one re-

gional volume in your airplhne. The full set is
used in flight planning or on extended cross-

APPTR,(UMNT ....... country flights which enter many regions of the
IMVp..UIN tyy p&IElW @Q12GA AVAILAM* U.2

J0....'.,. A C 0,,,C' A., of .1 ,d, 19.57, however-, thlie ,.a r,/ A Hir.d,--

i .\._. "Pilot (I, 0. 510) will be phased omt of general
T N, opeirational ulse. At the timie of its (disconitinumance,

"P~ it. will lie replaced by the 11SAF'-PSN' puhlica-
/ ,y%,,.. tion u1-.1tru.m*nt Ap pnoac/ P rocdure ('harts., also

0, CIA( om. -, called the "Pilot's Handbook." This world-wide
,eriolical publication, which is described in fol
lA owing paragraphs, will have been revised as of

A -2851 that (late to fulfill Navy requirements and it will,

"in effect, replace the H. 0. ;'510.

;IITA APPOAC USAF-USN INSTRUMENT AP-
AS N AU NM iW PROACH PROCEDURE CHARTS

ItI iPO ... (PILOT'S HANDBOOK)
'. ............. 7 C LJ M S TO 1300 ON A,"o . . 1.. . This series of handbooks, consisting pilma-

COA- , ri-v 1 of approach ind landing charts. are ptub!ishued

1 100 ...... p.... periolically in the following s(,ries of three:

Au.e altitudr, form"erly desig-
.2. Sealplanes, providing instrun jent-visual

-. ill )l)roauchu hlro euuh res ( Fig. 11-4).
"""_...Iigh-:ltitud- irraft (forimerly dsi.Vg-

'-tedIet) Fig. 11-5).

.K - A There are 13 landplhme (low ultitude) books.
L.•,,,RnG '- ..... , ,'-''.- o seven seuluhie hooks, and six high-altitude air-

"01 craft books, the di flerent books covering differeat

Figure 11-3. Instrument Approach Procedure geogrniplic areas. [iie area coverage of the in-
Chart (Low Altitude) dividual books can he found in TI. ( ). lPb. I-V0().

11-6
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INSTRUMENT . .. AL 314.RNG NAS PATUXENT RIVER SEAPLANE
APP PROCEDURE (USN) ...... SE PT.. 9 PATUXENT RIVER. MARYLAND

"AW0ACK CONIWI% b-27 1 11-1 AVAILASK I ?
1 1 0 343 I's X. laS7 7d 53415 5' __

- N S .... "4 -~'-." Sdd•-eas.,r -I 'S.'•,- I"".''. , .,,

V .a PATUXENT . ' , A

!' .... '"C....-'m
,--, ,, ... ,,:.,. a, ,-- -I ,a.I

S......•r \2...s-.... '-U•

• '_.................I ;37 $b > - Pt•
'7., MIS SAFE ALTITUPE 22 NM_ 7300 P-f" - H r AS "9'• P .. " ,.

' ",*..'&J2 PATU P1N RVER T..

V~t ER

MINIMA -- -- n A sOe 1c It 51 pV ~ tI I C
* *ICn ISaM 2V"'' ot " eg' +'i " "O O C'Yte __•t*t T tf•H ¢••,ld ._,ed¶p', s n et re .isl,es• I+7 .. 1." 4 ,,I + . - ' . .,;

Pa'';..... . .! AP,' I ,o 50 a IIs ________-. *;O 'V' ." , ,-

-~ i'I
ICC 1 ifi, -* -.r '

l* ' flTQNA PATUXENeRIVER EAPLAN

Fi 1r1l•-4. Instrument-Visual AprohPoeueCa o epa en

1'1(1ev an internat nin I I•gICIIPt r'eaelhed b~y tas nainst run ent ltll)1oactllli 21(1111( Iidig (lilrts It or0
Work nu. ] 3a'tiv 64 fo)r r\ IalIs, ('har'ts. atnd Flight. aerod ronies having atpproved( inst ruien t ztlj)lroat(lh
I]lfolr2 11:tt ifi tif the .Air S'tnm~hlldizatihin ('ominit.- is,-ocediii'e.s it(id fo)r which I S'AF or V.MS' r~equire-
tee fat' t le 1'. S.. bet wee e ( teat lB;ritain, Canadal~, meaits hatve been est abl ishiedt h. Haa it~dlIOIkS
a ml t le T~n te(i S"tattes, thle SiZC, ar:trrig/eiienit, aiiil co'ern/. ig '1lC~t o~t siakh tlie emitth ental] I nitedt
follrnit Of jIt'eelt5I~tatO)ll of applrtot'chi and landingz States als.o 'initati 14 I.('}liI'ts ff3'ar~tl•tXodroues lltY-
clh:a t • in lie I :S\F'-I .'SN" I•,.tru //IC/I .-t/*//n6IW/1 ing a jt)1 11O\'Pd 1l,.S pl)Vic(.t1 ris auid for wvlii.h
I2 '•t.,•dliit Chu.,q.x au ii is the ]tian odhooks it~hldishied J. MA .F or 1" 'SN r~etinirenlelnts havt\e been esta~b-
by 1 i'etit liritailu aiil ('atliaht are iahe, htal. This lishuatl. 'Thle bloks atls tontaili atssoc'iated route
mean5 that wlii'ai JT..' Nni','y pilots ob~titin ('ann- inforinot~mu.
dliiii or ]Bitish ins; ru'ient iil)r~<h)1'tiilllirts, the 'I'le ,•I'U/Jl(//I' //I.VI'i///(//It ..l /)r./)(I/ l',v'.-
clhart, Will i~e Siiitihlr to the <11(M tlaey alte ac- (li.i. ha+u~,x. with chiirts showing gt'eaatei' gen'-
austloijintat Iti. It :Il-' InellniI , (If ('Imil~'e. tiult (3112 gl~lll)li(' tht'tnil is I liii( ttO \isul;tl iihlhuot Ih(m s. ar'e
u'hlalts will be f;tiiiili',ir to• It'it ishi itl ('auiadiaui I.tt ihlhli;ttilois (lt'igilled Ipriiiii'ily to ftluiisli in-
nillit~irv" lohts. fia'ltiaht II (f ass•i~lt aloe to th liti' hI' iit\'igitclt' oll ('N-

] )esigul'I for' in~-tigllt us~e, the, Jn.Yt'umu~lt taiilled(l lights outside* o)f (li, I -nitctl S'tates.. "'li]eiI. I
11-7
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t11111 plailoluig for loiig-raiiiie setiflhCis,. TI'Iey MINT AK4PROM WUSWI............~A" OCAA A U Q " aDIDNAVY OCIANA (OW10' OtA AVAAIIAI CALI
v iitaili linfori i tioU m oil sei~lipl:i1t ) III.holIlgC' Iluid sPIw1C4 = 1N ~I "= 1 1~I.I.- 131%wkAV OCtAA 'OW111

Istrum~len t iq )piroaih procedureiw, thle text being

sul)I)I('ltedI by 'i~.sial areat cluarts. The books
I' llimiidill I140"k-II'1f forni to lperi'iit thle adI- A-

d t ion of vorreet iois wI ici aliv issiled its revised N

pages. 
I

The limh w44PU4 i Approl(ach Jmrrcdw-ie (Chap-M WA :1"0" '
1
4, 'A A 27

'is !Iliq/ Al titude ) arev loose- lealf publiications- Coll- A

tuining jet inst 1-innkeit, 111)1ro10-30 and lainding &/
c ilil-s fol.ar I4'I lliel~la'. ~ viill jet instltilinellt 11)-/
pioi.ch1 1 uoccdlures 111(1 for whit-i jelI -S-F or /'S

re' 1111i-nieiCIt" have 4 beenl est lbl isllekd ,

TACAN APPROACH PROCEDURE MIN SAFE ALTITUDE 100 N M. 21900FT. X

C HARTS 'VM~ ~ "~

e~~~.1111 PMAC011H ii4

equlied vodroie (Fig. 11 -6) ;iebeing dis b.
se~i~ll~~el ~ tle Ni. 'IT'. a u ic Olln(fla e foi. I *' P- ~
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S.....

FLIGHT PLANNING

III,', safet v atild eilicie'icv of ally flight depelds FACTORS IN FLIGHT PLANNING
lart'elv onl the quality of the filight planiiingh le-

fo:'e take-oft. Imporlalt as this is for flight, 1'.tinat bitidfl.et 40.C. ('heck tlw fcili-_
under l'iI"R conuditinls, it Is fil llore importalt tit's of the alp)lpropriatte airports for ]anding, light-

for ilistruluett flight. As tile weaither becomes ilig, servicing, 1'1(l4 aids, a11d tile condition of

11101T. iiiu-giliil, Illoon 1111(1 Illore planning al these fitolit ies on NO'I's.
Iie'outr ad11( (l/titilu'u. So•,i factors iiivolved)relmll'iltlotie neeessa'rY. (ne~ilocM~ g tl'• Iht,'5l rolutt lwll itltittutle 110r:

Aetolldly this (hlhtj'er is the third oil the sub- 'etitheoo sllillilng fl lii *'l4 oi)t i' altit itile, tt'ii'ii(l liit-

ject of flight p1ll•uliug. 1it tihe p1 evioIM s two al ler, mi( llltlil-l ilI fa litielseL"(I Ilrell, an~d I I h-aids flicilitie~s.
chlptersl'. we c'ov'ered the 'ohmiliters, c'I](llltt(1t0, f'/oicr• of i/ltrrmt/r. ('heck the ltenrntte not

iid i •ulilic•ztioils which o wil lst Iuse ill phlaniing 011v fol wea.ther but also for lihcil f:uilities ihe

T O.Sl05-,'(illllt ox o t r:ll I 'i so c iti ht. This s:Iui Ivs for the destinationi. Also phu) the 0ll*'

cthiiitt coverIs the 11tu1a0l pro1)cess (of flight I)hal- awld atltitude froim de.-lý1,ttinl to Llterilllte.

iiig exicept for the aerol',vg p111se whic'h is tatki 1,Id•o/i .Itn ,?,,boilo,. Y'o should fa-

ii I iII (Chapter 2,. InilIjalIze .owur.elf with ihe Indio) aid6 dog, yo.ur

12-1I----1' ----- *
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r-mae aiid check to make sa'e that you have the and to do ell route planning in case it beconies

inecessary charts, publications, andl let-down pro- necessary to change your flight plan.
ce(hires, at)(1 that they tre ill) to (dite. There are many different flight log forms. No

Fight plan. Matking out the flight plan in- standard forms are pre.scribed hec:ause of the dif-
VOllves entering fixes, ui leage. friqueiicies, and ferent problems involved in log entries for dif-
headlings. 1111( conipliting time en route for each ferent aircraft and different kinds of flight.
leg and for the entire flight. Usually your own%- squiadroii or liit will pirov'ide

ReAircraft Clcm('act,. 'T'he aircraft clearance a form, and you should become fanili]ar with it.
eolsists of a sumlalT of tie flight plan together On cross-coutry flights, therefore, it is wise to

with other information identiifying the flight. t ike along some extra forms of the type you prefer
'lhils is suihbi tted to AT( foir ailroval for IFIZ and are accustometl to using. A check of your
fiight and to Flight Service for both IFR and Navy formis-namigement 'atalog for your area
VFR flight. "Weather is an integral part of the Nill usually reveal just the form you desire for
cleai.iice to insure that the pilot i, briefed on the voum airincraft.
(he,,,tiiatio, a1lternate. a1id en route weather. In the following flight-planning piro)lems,

f/wiht ('l,,,ar,m.,. Befor-e takeof'', you re- certain ty v)ical forms are used, A good way to
ceive from the tower, either civilian or military, learn flight-planhing techniques would be to fol-
lie Al('-11)prov'ed flight clearance giving tile low these lproblems with your own ('olmputer and
route a1d altitude which yon iiiust follow. hadio Fa cility ('hiars, makingi uI) your own log

I'ali t 1oq. En route, you miist keel) your form. - Reiiieniber, tliougi, tlhat..,sonicof the ranges,
flight log to follow your progre(s aljng the route distances, fuel coiisuiiumption figmues, and the like
il aItcordnaite wit h your flighit Ilan to make esti- in the examples shown here may become obsolete.
mates over fixes, to note gasoline coisumlption, l)on't use the sample problems, tierefore, in plan -

Figure 12-1. Radio Facility Chart showing Hensley Field, Dallas

/ .o.

S",,m
I~ -Ig

S .. . ..

DALLA•.FOII WORTH 12?g
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ning an actiial flight over the sll nie route. Iheyv wore. The priospects for Waco are equally bad
show only I suitable l)rvc,,du( e to follow. They since it is the center of the low-pressure area. The
do not ,.how the only possible procedure. remaining two considerations are Abilene and

Wichita Falls. Existing weather trends indicate
that they will lie the best. selections.

FLIGHT PLANNING FOR CON- After consulting the planning chart, you get.
VENTIONAL AIRCRAFT more information concerning the selected route.

You call inspect smaller portions of the route
In order to describe flight-planning tech- in your Radio Facility Charts; then select

niques, this chapter follows through a typical larger-scale charts of plortions of the route
(cOSs-UohIllltr- flight plan for aII' SN ll airplane. It from the hak of this Ilml 1ication. These charts
isa flight based on the use of IF. M[ radio ranges. wvill provide much of tie infornlation needed to
Thouugh you have not vet studied Chapter 26, fill out the fHight plan. Tl.r' radio aids to naviga-
"Fliglht Planning from Available WVeather Data," tion, airways, and en route minimums will enable
you should have covered enough i,'rology to you to deternine check points, distance between
idersatand the weat her phase o'" the problem. check points, iinimuin altit udes, and the lanfl-

Radio Facility Charts ?ietir course between check points. (Remember,
Radfacs gives the m,,ay•ntir headings of the rar.ge

The ,roIposed flight will bc from ('orpus legs.)
('hrIi.i, Texas, to D)allas, Texas. So you start by
making a chieck of the dpstination in thle Itireetory THE 7--IGHT PLAN
of Airfields section of the Radio Facility ('harts
to determine what facilities are available for mili- The "From" i...

-a". use. If the facilities are sufficient to merit The fi,. - ep i. it ling out the flight, plan is
their use, you will undertake further route study to break dowi, . -. .e flight into smaller sew-
and plkhning nients, or legs. -,ornmially, eac"h compulsory re-

A check of the charts in Radio Facility ('harts porting point constitutes a leg. Any point from
shows ]Hensley Field at D)allas. (See Figure Which fir'tlier informnation mIight be obtained
12-1.) Further investigation in tile Directory of might also constitute a leg. for example, a fan
Airport, section of the smiie publication indicates marker, or airways intersection. From departure
suflifciemit facilities as Hensley Field to make it a point, to airways entry constitutes a leg, as does
suitable e(lstinat ion. With i a suitable destilition the segnment from airways entry to tile next comi-
estaldIisheld, further route study is possible. You pulsory relPorting pWoint. This flight, therefore,
Iniake tile initial study on the planming chart in tile will consist of nine legs. The leg terminals will
center mjag i of the Radio Fac;litv ('harts. It is be, in order: Gregor,- FM. Coirpius (hristi IRadio,
,hviitis th at the shortest airwiys route is via San losoya Intersection, San Antonio (adio, Cibolo

Ant onin, A usa in, and Waco. The (listanine 1.-, about FM, Austin Radio, Wiaco ladlio. Waxahlachie
3.,-1 unti cal miiles. FM, and Dallas Radio. (See Figure 12-2.)

W lhile working with the lhuaning chiart, .you
iiiu selivt soni, lirohlltlle alternates. Distance, Aliltud. and Temperature

welt hii trend, ii1id aIvailible facilities will enter Stince the course is iirthiwesterily, the selected
ilut, tiescluectiO l. D)ependiing on further study of altitude will lie an odd 'uuniber. Since the flight
iiese. factors, WinI'o, Abilene, Wichita Falls, iaol is long enough to make it worthwhile to chlib to
lte'xikiit ('lcin be considred Ilbecttuse of their geo- f',,)i) feet to gain '1".,S. the flight nthitude will be

gi-alhiial locluion. llowlver, ,ie weather se. ,5.0(0 feet. Tle tiilh('i'ttimretNv will be estimated
luierie iiiuh'cate., a w:1,i froiit extellfling from i after deterimliiillig the altitude to hiw flown ilind

I )ahlas. The frotal i)iivct'lmiit Is nnirthwward. exaiuiiniig the prevailing grouiid tli'lperiltiiles.
'l'cxUrkkailt is now below ijininumn for an alter- (RHlle of thunmi: teliperuttlire declreilses 2' (c'elti-

,N_ 1ate, It•ti' tie weather 1i ture indicates it will get grade peCr 1,0(0() feet.)

12-3
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True Air Speed listing scheduled weather broadcasts 15 minutes

The cruising speed of the SNB-5 is 140 knots. before and after the hour. It's not a good idea

Correct this speed for altitude and temperature to request weather information when making po-

and you will find the true airspeed to be 152 knots. sit ion reports, for this is a needless loading of the
Climbing airspeed is CAS 115, TAS 120 kts. radio frequency. It detracts from your perform-

Pinne aS a profPssional naval aviator.
True Course and Variation The winds at 5,000 feet are 290/15 at CRhi

You can get the variation from any available and 325,/20 at AUS. This windshift is gradual

chart or, from the Radio Facility Charts. You and not too large. You can, therefore, consider
can lind the magnetic course from the WAC the shift as commencing at CI( FM. Use the

charts or from Radfacs. If the desired leg is not Dallas wind from 1Waco.

along a beam heading, you can find more detailed Drift and Ground Speed
information on the WAC charts. Applying the
variation to the published courses will give true Knowing both the true course and wind, put

cours. the wind on the wind face, then compute and

To avoid confusion or the need to remember Write down the drift, ground speed and headings

formulae such as "Can Dead Men Vote Twice," for each leg. It is unnecessary to adjust the corn-

use the index on the computer to convert true head- iluter for any wind change until you reach CIB
ings to or from magnetic headings. FM, where you plot in the AUS wind. It is help-

Here are the magnetic courses for this flight ful to set up a wind drift on the computer forHer ar th manetc oures or hisfliht the letdowii at Dallas. You can determine the
ats taken from the Radio Facility Charts. The teltona als Yucl eemn h

drift correction for the winds at the lower levels
general variation is 90 E. and check them flying the radio range. If the

wind velocities were very high and no range leg
, -•C VAR "re were available, you could have set up the average

ORGI...... .............. -1 wind at the lower altitudes on the computer to
OR CRP ...... . E. 3W. 0 determine headings and drift in letdown.

ORO ~ ~~~ ~ ~ ~ Ca_.......... 1, Q . 228
Clp LOS INT ................ 319* 9 P.. 328
LOS INT SAT .. .......... ......... ...... E 0 Distance and Ground Speed
PAT Cia FM................. 3540 9 F..
CII ACT ALs....................... 0397 0 F . 048' You noted the distance when checking mag-
AUS ACT ................. .. 9 P. 0210 netic courses in the Radio Facility Charts or the
ACT WAX INT ............... 012"? F.. 01

WAX INT DCV. ........................ 35o P" E. 005" WAC charts. You entered the ground speed with
D)CV DAL ..................... .. S5* * the drift. coEputatio .

Wind Point-to-Point Time

You get the wind fromt the winds aloft re- Calculate the point-to-point and cumulative

port, which is available ati any Military or Naval point-to-point times onl the slide-rule face of the

Air Faci lity. D)eterminiiing the areas in which computer. This distance from N(iP to GRG is
16 miles. With the ground speed based on the

iese winds will hie etect ive is largely at matter climbing airspeed of 120( mph, it will require 8
of interp)olation. If the reporting stations are far
ap~art, interplaohte the Wind vaLlues.

The ni(ethods of re(plUestilg weather informal-
tioll froni ('AA facilities are covered in tihe Sup- .

e ii ii t itry F 1 i g It I nfornt tion l)oc mieiit. D-'- IIlIt
Wentlher et route can be obta in ed when filing it: .
flight plan with military ai'rway•s. Weather re-

ports tire available also at all ('A A stations and
ilt hebtairno(I by radio byv listening to stiltions

12-4
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Y'-_ T. A_. Tin . Aý, S Cur... Wind Drift Itd.. Var. V e11 d Dit (;, S Pt - Ac FPt

N G;P G(RG 5000 10 131 M 1'I1 310 290 15 ; R 354 !E 315 18 125 9 9
(;R(, CRP 131 22S " 6L 234 225 12 124 6 15

CRP LOS INT 175 328 3R 325 316 116 163 43 58

LOS INT SAT 003 S'R 358 349 25 170 9 67

SA]T CIII F.t OLU3 5*R 358 349 10 170 3 70

CI FM AUS 046 325 20 7"R 039 030 61 1110 22 92

AUS ACT 018 5,R 013 004 90 1t63 3:3 1 5
ACT WA.X FM % 018 5'R 013 004 63 163 23 148

A .X A .%1) l AI. 005 4it (01 352 27 iU 10 158

422 2+38

Altrnate(sV AliI ICH Flight No. Plane Date

Di~tnncc 174 123 Remarks
(;r• 4 -ii Spited 172 157.

Tirnit 61 47, M11: DAL to ICH-: 30:1'
.'u,.I to Alt(.). 47 343 DAL to ABI: 253" to I.IPAN INT. (24 in~n.)
_ _ __;109' to PALO PINTO INT. (7 rmin.)
Fuel to Dimt. 121 121 253' tio ABI

S ln-t App. I15 Min ) 12 12 (Editor's Note: Headings, courses, and
RHv. (45 Mir..) 34 34 distances in this problem Ftre shown for

Fu.l Required 214 203 study only. Do -1. plan a flight based

T,,tal at Dep. 253 263 Up-1n thee figures,)

Hemn. Usable 39 so

Figure 12-2. Flight Plan

mullte.• ) t( eiic l (,. I'Fiter this tilne in tile thit, it i• •OS 1iiles to •,iichita 1.14; (Rled 1(0), find
Uoltnm hemled (Pt.-- 1 t." 'like second leg is also 14)9 mlies to Abilene vii Roei 68 l11(id (it'. 5. Enter:

cove red.t (niilg ll i4injed aind reqilir.es 6 mnil- theie dist.llices .i tile (listlince row of the ailter-

ules.•, niit'the 6 in thie "'t,--Pt." 'ohiIinli in nate( s) tiable.
flu, o'flllll, ('''i ." (.11r 1 'lnlht ivp polint-to- Th'I' winlds alloft foi- Dinllin.• t', MT epIor-ted__

ptilhin ii i l ilit -ftl eliv of illifdulhi6t 1 e , oeui IRA (uo Ipilot 1(illtooll oboiellt'41.. l'' .he to Ill),
14 mililltes. 'I']ll( totin timel( reqluiredI for tilt falligt 'l'he• uppler wvind lit 4,(000l feet ovv'r lWV-11'h iri "lli,

hi mr m2|• id' 3iil:7 niiliuh'., Mid in t. 5,1000l feel ovetr Abihlene i:.4 340',,!°20. Tlli.i -

A S~ lte r n a te sv ill b e , 
t•tit 

n bl e , f o r c oi ti n l it i •i 1li n ,t t t h e t111 e r -
A l t e r n a t e ss Pnh ' , l ol t i l l f l l., w i n id , , n1 t h e w i nld f lil le o f t l te

lit li1tv lower It-ft-11"l,, d c'{l'llel of tilt, fliglit Co{llllpilel'. T heimIligi~lt-i c('0 is r l ol l v'•.p I( V ic lili IFlill.

phlllu ýl ti tlldt, for teqltlvY of hInformainuiii ol Tt~lit~i- in 301° (taken1 fr'omi the S(oilhv~iA. lvg of I('II)
i~lg I ll trl iilh[--1110,• 'JWo iit0 iit(. ll' .e 't'•(I ithe trilerollr,-S. iS311° iltdhi 10'° 11, V A R{),iill(| you

it, n> itilkled forl lhi, fligtil. Til'~ll litle the, lii.vt:ýlk•l' fihnd ii gr ml'lli •lp0t' of 13;4. Use tlhe Smilelp ri o-

!li[()rinill illifo t ho- 1 n, t, ii ,rliliih,• Il• folhow.s, cedurv'l for. Ablt'ihvn . (''h11 illhollild~ 11gli l l~ItC

Sl- il t ,ll( M idli() l"harrtslv t Vei l (",ill ' t 'lll't, cfroml flit, N ( hrflu . l eh g 2. 1 1-,'
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VAR equals 25'° true course.) The distance is Antonio at 0730E and expected to move southeast-
65 miles to LIPAN INT, 1:3 miles to PP INT, ward about 29 miles per hour. A warm front
71 miles to ABI. a total of 149 miles. Use an extends ea.t from Waco and along a line just south
overall OS of 14S kts for NIH 255'. There is no of Shreveport. It is moving slowly northward.
log space for entry of course and heading infor- The low has developed as a wave on the cold front,
mnatiol, but Volj can note the infornimtion in the which previously extended from west to east in
remarks space for ready reference. this area. The precil)itation area extends north of

You can coml)ute the time readily on the slide the warm front including Dallas, Texarkana, and
rule face of the computer, The time to Abilene Shreveport. There is scattered thunderstorm ac-
is G1 miqutes and to Wichita Falls is 48 minutes. tivity along the cold front. The PROG report in-

Determine the fiel to alternates on the back dicates that the icing level in the western l)ortion
of the computer, using the time to alternates and a will be 10,000 to 11,000 feet with icing in clouds.
rate of fuel consumlption of 46 gplh. Forty-seven In the eastern portion, the icing level is lower:
gallons are required to reach Abilene (61 rain. at 9,000 to 10,000 feet, with icing in clouds.
46 gph) and 37 gallons to reach Wichita Falls
(48 nun. at 46 gph). In the same manner, you
will find the fuel to destination to be 121 gallons;
enter this. figure as "Fuel to (lest." Similarly,
Coml)ute gas comnsulnption for a 15 min. instru-
muent al)proach ( 12 gal.) and a 45 rini. reserve (34
gal.). Fuel consumption at cruising plower setting
is normally somewhat less than 46 gpli, especially
Inter in the flight when the gross weight drops
off because of the fuel consumed. This difference
will compensate for a pull-up at Dallas. in case
you have to divert to an alternate.

The fiuel required is the total of "Fuel to
Alt (s)," "Fuel to Dest.," "Inst. App." (15 min-
utes) and "Res." (45 minutes). Adding these The problems of jet-flight planning are by no
(olunins shows 214 gallons required to take off means new, but their solution may be. Range,
from Navy Corpus, proceedi as l)lanned to Dallas, endurance, and weather are .till the basis of all
and make an instrument alpproach, then proceed to good flight planning. However, the range that

Abilene and arrive with at least 45 minute fuel can be covered within a given time has been in-
remaining. The requirement is 204 gallons if the crea,ed by the high speed, so has rate of fuel
alternate used is ,Vichita Falls. consumption. The greater range also means that

The total at departure with a nose tank is 253 it is possible to encounter a greater variety of
gallons. The difference between "Total and )ep." weather on a single flight. Thus, the jet combines
and "Fuel Required" is the "Rein. Usable." several of the old l)rololeis into a single flight and

The "Rein. 1 sahle-" fuel is your in-iranCe. makes it imperative that a jet instrument pilot
If wind direction awd vehlocity are different than complete tn organized plan of action before take-
forecast or if lAS is Slower than estinmated, this off, because there is very little time or space for
fuel balance can be used and the original flight studying or computing when on instruments. The
lIlan carried out. precedures for solving these problems before take-

WeathO Annex off are not drastically new, but they (do require a
grenter attention to detail and a knowledge of

(;•'•r-ral ,Siji,tjo,. A low-pressure ara is Cel- more publications. Any pilot who has learned
tered near Waco, Texas, and moving northeast- basic navigation, p1ilOt techniques, and where to
%Var1d. A cold front extends southwest froim the find the information, will find that the procedures
low. lyinrg jJust northwest of Akistin ain d San work as well at 41,4i(X) feet and 400 knots as they
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did at 4.(000 feet and !J0 knots. It is still flight out practicing at veery oplortuhaity. Plan and
planning, only mnore detailed. conduct an IFR operation unless th, weather is

The procedures discussed here apply pri- well above VFR minimums. When you go to the
marily to flight along the civil airways under in- weather office, don't just make a general inquiry
strument conditions. This is commonly known as about the weather from here to there. Yeu won't
radio navigation. No mention is made of flights get complete information that way. Tell the
elsewhere or under other conditions. It may be aerologist your type of aircraft, destination, ap-

' assumed that a competent instrument pilot, with proximate altitude, time en route and give him
some additional instruction and practice, can do any other additional information he needs to vis-
other types of navigation, such as pilotage and ualize your problems. If you tell him what he
(lead reckoning. needs to know about your flight, he can tell you

what you need to know about the weather on the
Destination flight. You should find out the existing weather

You iust. choose a destination within your and also the forecast and trends. You should
range that has adequate facilities. Start the plan- know the following about the destination and pos-
ning with this basic selection of a destination. sible alternates:
Some of the principal considerations and require- Ceiling.
ments are: Visibility.

Length and type of runways. Precipitation.
Availability of a jet starting unit. Winds.
Hours of operation. Temperature-dew point spread.
Type of servicing. Tops of clouds and freezing level.

r Fuel available. You need the following information about
Oxvygen available.L a conditions en route:Expected ground roll-out on landing. Visibilities.

Lighting. Ceilings.
Navigational aids.
Type of letdown and approach. Precipitations.

Fronts and their movements.
Instrument landing aids (GCA, ILS). Thunderstorms, line squalls, etc.
Traffic pattern. Cloud types at flight altitude.
Obstrufctions. 

Tops of clouds.Radio frequencies. Areas of turbulence.

Expected distance required for take-off. Freezing level.
Closest VI-IF or UHF/I)F steer equipment. Temiperatures and winds aloft at flight al-

titude.
A check of current NOTAMs will give you You should know, too, where to expect VFR

the status of facilities, danger to aircraft in flight,
search-and-recue facilities and the like. veather along or near the intended route in order

Weather 
to know where to hi ind it, case of complete radio

Since an instrument flight depends on the
weather. you will logically check the weather now
to see if-you may proceed to, and land at, Your
selected (lestination. If tihis (heck reveals that
the flight. (can) e conducted under Visual Flight
Rules, the problei, may seem to be simplified, but
remember that it is safer to he pessimistic. Besides,
you. ruawwt iniotU•jftin inetrument profircifcy with-
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failure. Also look at several of the varions milli- d(1 not neglect the weatther tt the point of takeoff.
bar charts to get a good picture of winds aloft, You should know the following:
both as to direction and velocity, and pressure Ceiling.
patterns. Most weather oflices usually have the Visibility.
following millibar lhart, : Precipitation.

500 mbi which is for winds at roughly 18,000 Surface Wind.
to 20,000 ft. Spread.

300 nib, which is for winds at roughiy 28,000 Freezing level.
to 32,000 ft. Temperatures and winds up to cruising al-

200 nib, which is for winds at roughly 37,000 titude.
to 41,00o) ft. Since weather is not a stationary phenomenon

150 nib, which is for winds at roughly 44,000 and since conditions as shown on the latest weather
to 46,0H00 ft. map may change during the flight, get a forecast

Use the average, wind between check points of the changes before departure.
not inore than 200 miles apart. If you use the Even tiokigh this sou(ds rather complicated,
average wind throughout a flight, you cannot you will be surprised that you can obtain all of
make an accurate check of ground speed, fuel this information in a very few minutes, especial-
consumption, amnd ETA's over various points en ly if you have a good working knowledge of

route. For examuple, if the average wind is 50 aerology. You should be able to interpret the over-
knots on the tail for ani SOO-minde trip, you call all weather picture yourself, which you may have

estimate the total tinie en route, but you can't to do soietimnes if a trained forecaster is not avail-
estimate accurate times en route for individual able.
legs. The wind does and can *ary considerably. When you have obtained all of the weather
For one portion of a flight, a tail wind of 100 knots information mentioned, you can safely l)lan an
could give a ground speed of 460 knots and in instrument flight and also have several areas in
another l)ortion of the flight the wind could shift mind that you may go tc in case an in-flight
to give a head wind of 10 knots with a resultant emergency occurs. With all the weather informna-
decrease of ground speed to 350 knots. tion understood and recorded as necessary, you

now withdraw intto a secluded corner with your
charts, computers, publications, and flight-plan-
ning-and-navigation log.

Selection of Route

The center planning page of the Radio Facility
('harts gives a good picture of the airways of the
[Tnited States and is very helpful in determining
the route to the destination. Select the route by
using a combination of airways and direct legs as
ap)p)ro)priate. Do not think that you are saving a

great aimount of tiine by flying "direct" every-

It is essential that you get the wind forecast where. Actually it is poor judgment to ignore the

and coml)ute it in the flight plan for each 200- additional safety available in controlled airways.

mile leg. '[lie use of definite radio aids as fixes ly going "direct" you usually ave only a
will give vou an accurate basis of flight p11anhing few iiinutes. For example. it is 947 nautical miles

and enroute checks on time and fuel. Also re- "direct" from NAS Atlantic (City, N. J. to NAS

niernber that variation can change over an ex- ()lathe, Kansas. The wise pilot would tile for"di-

tended flight--use its correct value. reel" from Atlantic City to Pihiladelphia, Green
When you obtain the weatlher informnation, AirwayV 4 from Philadellphia to Kansas City, and
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"direct " frilm K .ansas Citv to ()latle. The total Selection of Alternate
mileage in iflying two sh.ort "direct" legs pills To select it good alternate, you should con-
Green 4 is 982. 'Ihus, by flying about 35 miles sider the same g .neral factors as in picking a des-
fu ti e.'tr ( ,mldv about (6 lin utes fly mi.g t ime at 36 0 tination, paiting special attentiotn to weather at
kn •ots). t hlie pilot will have tile additionna sa .fetv of tle alternate at the estim ated tim e of arrival
t h e c o o t ii lle d aEiw a y s , a d leq u a e a i d a c c u r a te )osi- a ad it s t r e n d s . G e n e r a l ly . y o u s h o u l d
tion hlieck.,, i good running check on his fuel choose a hernates approximately 100 to 200 miles
"ihowgozit, and the satisfaction of knowing that from the destination because bad weather is usu-

trained CA(A men are tracking himn and providing ally localized and will not cover a large area.
pw )itive 6ýlparats '°n It is good lrocedure to have several possible

Selection of Attitude alternates (hoseln along the route that can be used

The baic considerations foreletinin case of an iin-flight emergency. You should
in", altitude Iire : Ifal o know where to obtain VI IF/I)F or U14F/DFN 'lt inls areft. steers along the route and near il ia destination and

'1'e noeei ture iln terit s of freezing level. itlteriite.

1Ipper clouds. Other Consider'ations
A reas of t url)ilence.
I )ist:1noe to depstinlationl. Comlpuitinig thle fliel, tunle, predicted ground
F u e l ( .;n s u lnip t io n . s l)e e (l , pl e n e t r a t tio n , a n d tl ile l ik e . is t h e m o s t i m -
Normally, for a flight of l., ralnge, the alti- port itit part of flight 1)1ann|ing but that is by no

tiide -will be in the vicinity of 40,00o feet. You Iie ais all there is to it. To do it thorough job of
ca i d et er min e the op t n u n altitud e for t hlie air- .uch a d etailed op eration , you sh o uld u tilize som e
craft. fromn the cruise charts in the Pilot's Op- type of check-off list.

erating Hlanidbook for the particular niodel air- You will also need sonie type of personal
craft o lr fromn the REST (coil)•uter. For short check-off list to reinind yourself of some of those
flights of 500 miles or less, it may not be feasible all] important small details that can be embar-
to climb to the .optimum altitude, remember this ralssi|ig if you neglect them, smniv as leaving your
fact. wheii planining the phase of fhe. flight from Ins! rmniet ('aid in your locker.

destination to alternate. ('C urIr ee t i nistructions require that aln up-to-

598 GAL. CAS 220K 170 GAL.
TAS 379K

START 600 GAL.
TAXI 30 GAL.

T.O. 770 GAL-

TAXI
30 124 Mi. 730 MI.

23 MIN. 
115 MIN.

854 MILES

138 MINUTES

"Figure 12-3. Fuel Requirements Problem
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(late I list '1rmienlt Natv igatio Kit be carried oil ail tim Ill-range, no-wind, flight at 35,000 feet in
iu.trunet ttigltt. Its in iiimui contents aae: "ndt iciard conditions," as shown in Figure 12-3.

Laitest Radio Facility Chart. If you start with a fill load of fuel, you
1. 0. 510 or lIn.trument Approach / roiedu~re have 813 gallons of fuel available iii a TV-2 with

C(act.'. ("Pilot's Ilaidbook") for high-altitude centerline and tip tanks. Ilowever, you set 800
aircraft. gallons oil the totalizer ill order to comlpensahte

Suplilereitary Flight Informatiol, for the possible lt9i error in the totalizer and fuel
EGI) (AN 5S34-1N) Computer. measuring flownieter. N\'lien you reach the desti-
Navigation forms (Flight Log). nation, you will need 100 gallons for a 25-minute
Appropriate IVA(' Charts, reserve and also 70 gallIons for tile al el-afe jet

Appropriate Sectional Chanrts. e )eletration and alpproach to landing under ill-
Pilot's p)enligh) t r strument conditions. (In each case, however, you
whitle tore. ele ihave to check the specific situation to see whether
whitle these are tile mfie irum requirementst

it is goltd lu)ocedtllr to carry tile followi ig also. you iiight need iloirt because oif tlie type of penle-
REI~STl ('ollptiter and piIlot's flight book for trat ,iot.) Therefore, your should reach tile desti-

the particular aircraft. tuiti with it ,nininm of 170 galhos, plus fuel
(Cross (Country Gas P)acket with sig.ied formis to ail alternate if required.

to obtain fuel at either Navy, Air Force or Civil Since you will use 3(gallons for starting and
fields ( Bri'g back a signed COpIy of each form taxiing, 172 gallons for the climb to :15,00o feet,

used). and will need 170 gallons at the destination, vol
Sparee batteries for penlight, will have 428 gallons (of the 800 you start with)
Sew' lui sharp pencil,. available for cruising to destination and to alter-
Whei the aircraft is to be away from tile nate (if required) at :35,000 feet. Iusing the REST

lhonie base overnight, you must send ail RON conl)uter aid setting it forMAXIMUM RANGE,
(Remaain Over Night) niessage similar to this- comuir that the ('AS is f '20 K, TA is 1 79 K,

TV-2 1IIN)O 931868 1,T DOE ROVNITE
and that fuel consump)tionl is 224 gallons per hourELLINGTOX AFB (Reason, if ilecessary,

MEC•tANICAl 4. etc.) X ETI) 261200Z. (GII). The total fuel ,aboard, expressed in
Ihen lie aircraft is iot serviced by the iou 'S and minutes, is thus 31 hours and 4 minutes,

regular l)huie captain or crew chief, it is good as shown it, the following suninary:

practice to observe the fueling operation, personi- Tas-............. .- 31 gal.

11l1v check the fuel level in each tank, and check Climb .............. 172 gal 124 miles 23 minutes

each t anik cap for positive closure. Kniow how to Cruise . ........... 428 gal. .734 miles ., minutes
"Toh . . (.30 gal 554 miles 138 m!,nuuies

pre-flight tle aircraft s the plane captain Apprc ................. 0 gal 46 minutes

~Ia nteiaice Reserve 10. R. a g I .
does e nch morning and do it. The M aintenance -et~ . ... .3+04.s mnue

Officer will be glad to furnish the blank forms. Total .................. Mi gal. IM minute-3s o0.

iEiter the t ime ili the "Fuel in Hours" block•,,'..Fuel Requirements
on the DD-175 as 3 + 04. If you consider the alter-

To uliilerstand the reationshi1p of fuel to mite airlport,you must remnember that the distaice

hIme to inis coitler the cross section of it iiaxi- from the (lest ililt iol is subtracted froiii the niaxi-

,,clt,,hfo I'lllge. This datl, gives you ani idea of thePP _ ,,e til i ".atadiird day." However.;" \ .... •. _'s -";-;'•-each flight is id%%wiys actually planned uising exist-

ilig winids a,,d temperatures anid 1111 vary Moi-

sidlertably.
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AAIRCRAFT CLEARANCE FORM "il'h pilot fills out sect otis A, B, and ('. The fore-
SDD-175 caster fills out section 1). Section E is filled out

in part by the Operations Duty Ofticer at the point
Afttr Vou have filletd out the flight 1lall plor- of departure, except the list line which the pilot

tion of the flight lo" foril Nonl prefer, loll re execlutes on the carll)li copy it destination. Tne

reaplv to iireima e the clearance form 1)-17)5. original, signed LY the )pera t i ois l)uty Officer
Filling iUt ;t cleaiirantcCe iIs not permission to make n 1eilf of tie ('ott unalud ing (tlicer, rena in at the
the tr i1) lit the ilantiller plht nedl illd sllt'uch perimis- station of departure. Ihle calrboni copy is taken
SOIl hiay later he F ted suhject sole .hlgres. bv the pilot, and till'lied ill to tile Operations I)uty

Therefore, if you plefer, you 1n1y file your clear- Officer at the destination.
anice befolve Vo)I ll hve filnishled the log form. H~ow- Secthlons A '\ lll] 11 of F*or'ml l)D-17.5 are inore

ever. you %%ill observe that IllOSt of tie log iiiist or less uelf-explanatory. ,ulllply the first nam1llle
be prepaired first. The diata needed fromtl tile flight ocnipants nOt

lo0 fOl'ml to ue Onl the i lerce is:

-1. )stiliatinl alld Iliilea'e.
2. "]oute (Airwavs)'

3. Alt itul .es,
4. TAS (al-o dependent upon altitudes).

,i.E~ iiiaedt ic ei oo e( KTE ) , which re'-

quires- previos (leterminatioin of ground speed
amll winid.

6. Fuel ol board, computed in hours and

I,. .Show the homle Station, but not tile unit lit that
station. For examnple, it pilot assigned to

FAW1TT*LAýNT tit NAS Key W~est, wouhld just

write "NAS Key WVest." Personnel on leave
shouhld Show their 1u11t. not holue address. Per-

so.iiiel ill transit should show the niext duty station,
since they are .uirlenttly detached fromii their old

istpation. Reserve l)ersolilIel not attlached to a unit
shoulld show tile Naval District (or River (Coi-
lland) lit which their records are kept.

4. Alrte riaiti and E'I'IK. to alternate. Section (' of the ('learance Forin 1)1)-ITS is

Form D)l)-l7-5 i, required for the clearance of cilled tile flight I)pl. h'llis l)ortioni of tile ar-
il l 'naval uircraft except local VFR flights, certain once form is the source of information sent to the I

training flights, and ilte'rnatiital flights by Fleet .\ir Rouite "''rallic ('ontrol ( AIT(') center for the

Igist (5. Aplprovail by (A.\'s Air "l'raflir ' ('oil- r'egion, ;t servicte of the Ai[r "Il'aflic (Cowt ril (AI(')
trioi jAkr(,) is requirid fori all I Fit flights unless division of the (Civil .\ermoatitics Aihillistratlon.
they 'irv wholly outside control 7'oiles or cillt-til AIe.T( , or ".X'.C'" is it is often c:hllei ill coliversa-

Ileas. Pa'singer stohls not to exveeol 1F) .liiitetis t i(on, must approve tll filigdht planh befuotr tmy ]FIt
may itii miie "ihi ithout ri-filing :a 11)-IT5 provideil flight is hei ii. This lliav he before takeof' liv
conlit 'lis: iatc VFIR anld the original 1)1)-17: til'lphone to Opertitlon.s and deliVeel'(d ill pel-sot
shiow\\(ul tull (d.1 oil the i' to .), or I)v" rmlio to the lielot, ori it liia" ble by radio tol

Flr tili, Illetlili ll (if flrelarhg f;Iin 1)1)-I 75 :I pilot who is lyn a :'It leg beforel. begillilmmi
refer" to the sanie 1)1)- 17.5 (Figure 12-4) which 1FIt flight. It' the snllllple formti., fio exampdle. tlie
shows Ill the lntries which are iiiade by the pilot. clelarance must be granted by ART(C before the
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lat ~ S~ iinII.l'coeof ti itlic collili 1)1D- 175 16d ~o call (]is~t 4 itinoiva-ll of ait I(Tlft
tiolisAR'l( ixn~ake thviraititoval cond~iti~iwi I erial iiiiiohbe') , type of a1ircraft, pi lot's last 1niiiuv,

upon fl(,c(i1t iluc( of re visiollis of rloote Or alt it ode, pm itlt Of (ljIrt uteIII-, p)oI-llinS to bV I FR or VFR,
01. of tlvlavx,'1 hillte to Ite-111 11th I vI' thigh, alt it IldO S) (leSir-ei, roIte, de'St 111tieliS ft-St m11ifi-

Ie Oprt oils, ( )lihke at the point of dp ll ogim point ), 'IAS., pilot riaing., freqrviicie, Ell1'),
turt' not jut' ARTC, of thic followinig (Litta fromt thet 1'JW, ZItciit' (ioiof futci aboard.

1%Lt...'S.....

15 9i i )J -" . IDA:I1201 U AlAf.Llo BE~o V

t lob 0 A-7~I vA0AAi & IO

78#0D* A-2 tALAlM Ij. _q z - A,.1i00 ___ _ _ _ )IJ Ii_____ '

INIThUMIN? RAAIG i

M~~~~ S-7f f~f

Fiur 12-4 F1m75 7,plt nre
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"V..

I 'se the th,1 ml I.., splIc, oni the Fornm D)D) -175 port- imust he listed II the li',,•al.s space where
for 1111y or all of t'lhe fol'.m%11t(r require.d. If you plan to fly oRn airways below

1. ('linb oil Course: In the case of jets or other 15,200 feet, you don't have to make entries, as
,tiircraft o hng to it high a ltitu!,, ilhe, low, period of VOlll positioll report lochatiolis are predetermined
clilIIl Ni-1wll intelfer with other 11i'rci lft alolng that by\ our route.

J~it'lu(ll if the looute at all iliter'liielitte ualtitutdes. 31. eluitests: R]aqueits for sýpvcial seirvies,
Vhlihi, little interferent'e with ti't irfl' uniV be ex- e.lpvecinlv Gt'A or 11,S appiroaches, shliould aipletr

lecte(d in it cliilh to a ti. Iides up) to about S,00) in the letcmarks space.
feet, it ('lillb oil c'oui-ie to *uigl ialt itiudes aulong any 4. (O)ther' informtation : ihe li•cmanrAv Spice is
tliir\'ityV niity v•tuse trouble unile.ss there is 11o other used to report missing or defective equipment
tratlli. 1or thr:it reasoll AWlIT(" ,iiv no, aplrrove I whic-h will affect use of aliwalvs or illri-pt't aids
flightttpll involving a lnclimb o1 ) at tl lliwl.\. (st-li its A-]) inlolperative- or "No mtalrker
If you prupose a cliluh on i ':e, Vou should so beacon receiver"). I'lit intst ruicttions also require
tlite on the 1)1)-175 it" the Rc'nrk.s Spiace. an in(dication regarding tint, Ireception to be given

"2, Position report locationt : If y"ou are helow to any Flaft ()Olicers or other Verv' 1Imlporttanrt Per-
15,2_io feet ailtitulde ald un :tarways, list the -on,- soils ( II1,.) bo ard.tld I'Se the' code word "VII'"

lrVPtt regp~orting ptinlts. If you ale above followedl by -Fox- for "-ll'clcord lottiori4," "I.ove"

1.'),2t.1 feet oil airwavs or tit lii\ v altitu de off alii- for informaiul visits wit hcut honors, -X16ay" for
"wivs but inl a contml zone or i'eiea, position r'e- no honor.i but trilarsportiltinin furnished, or
ports are required at least every 2004) miles. The "S•lgal" for no1 honors but 6ervicing aircraft only,

locat ioni. p ropose(l for tIe 200II-11iide position re- followedl by title or ra1nk aind namne of VIP1.
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THE AIRWAYS SYSTEM AND CIVIL AIR REGULATIONS

I N 1 1]". I'llite ,ul • Stavs, it', ili Ii•lo t othl r co' nl- flight r hlle. fo' snfet' real. ll.s, but ll"ay require '
t Iies, lolilitrv allir.c•aft Iil'e requi 'red to opel ate wr\1"it|el replort from the pilot.

ill IC•COW)lance with civuliall roles-. ''llu•l flig.ht 'lt is a .imatter of ho\, of coutse, and you
Ill Vilt Ml('i'Lft ill thlt' 'litedi Statti.- i subtject tO have i( (ch lloce but to ('oilll)ly. Aside from the

'ivil Air Beulaittions. hlerae only two ex- hov, tl ,lll, you (do bellefit, hoth| ill safety atind ill
.,ptill, it thlls -'' l ult l.ilt' , llid l lelh is le 1 tof using O 1 CAA system of air-
it IIlatto. 'of p~ilot c'holicv•. W\'I?'. Ilild Il \vi~tatiolll . id , o' tile Ciivil -kil,

1. W henl fill, ilpproplriat, militi•\ ll"N I•,rio•.vt leglillitiol.•, tht(,. Na,.' has. added cer'ta•il flight, re-
dlet(,|I.II nll.. tlm:t ||oml-(',inlphlicc{' is- rv,10 ).f(d, he( .'•{l'ctio)llý, of its o)wi so) thilt thle _aYlv pilo•t is

lift * i N.. g . t iit e tf) t kilelliisllltril ' o f theCA ('.dA ioilv I-rt,.t tedl \ ell a l'n il•ig ill the .llited States.

2. (vrtn iin iiv•lal milfrr IlIhih ,iLV i,, wlt- THiE AIRWAYS SYSTEM
tle;:;''.e.l lv the ('.. throuiiigh a 'ertiiwtall of

''i\ur t'l'llt i'* pllaie'e, \wit h fli•hlt 'ule.- is not J-e- 'Irl.e civil airwl. ys xx,1r illitiated wholl tie
quiledl. "Ill'til I'-1nre, tIlw ( ',.\ I) it, owla itle) Aeronlliutical , rillach of the 1),epairtuuet of Comt-

Spel-lluitL 1 ) ilo( to, loki, vii viglu|lic' dh';ihttiiols frill) illei'u, ill 1927 ihdentiied and siuNreved the Io'tltt•
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follhed Iby tile air tratfic betwetnl ilnlportullit tel- of fi lirwaiyl, way hIear two or mlore designations,
Initils. I'llter, with the rapid ilicreuse of ai rwVvAys with either the same or different color designa-
traffi- do ring tile lute twenties and early thirties. tiolns. Note herc that. tile, leg B to C is designated
it bec a pi iipparent that controlled separation of "Red 55,(Green 91." It is not necessary to use both
troffic was necessalr (111'i g periods of rest ricted designations to refer to thi s leg: use either one.
visibilitv. For examlple, :a cearnance from A to 1) wouhl simn-

As the airway mileage Increased from 1,200 ply say lied 55 to D)." A clearance from E to D
miles ill 11127 to 40,00(0 miles in 1949, a great ex- could read either "Green 91 to B ; Red 55 to D)"
palsion occ.urred ill radio facilities and it became or "Green 101 to C; Red 55 to D."

iev.essarv to fori ln -ei'y specific:dly :lthor V(R airways are designated simply by Vic-

izthd to ;i.'ire aiic~raft .',lirath•ll riilng instru- tot nuinlers, st(ch as V-14 between ()khlloma City
netit flying ' le:lither conditions. !'ndei the pres- and St. Louis. A given leg iiay have several
ent organization of the Air Traffic Control designations, any one of which may be used in a

)i vi, ion of the (Civ i .Aeronautics Admin istration, flight plan or clearance. The airway from
two ýemvice•ar;ie fuil'isied : Air lNome '[rmaffic (on- Phillilpsburg, Pa. to Youngstown. Ohio, for ex-
tvol aml Akimport rraffi, ('outitol. s"lice these two aniple, is "V6, V30, V10," but at Youngstownl

services overlaIp the ly are generiol]Y referred to these three airways seliarate and go off to differenit

by the in gle desigmat tio, Air Route T'lraflic Con- points, with V6 joining another airwiy which runs
tvol (AV'I'V) . from Elmlirma to Cleveland via Youngstown, V72.

'[lhe civil airways of the IVniteth Stute,, coosist A leg of a V()I airway call even bear both ani

of ia wll-detilied network of arial high ways. The odd and an even number. as, for example, the air-

*Air Troflic ('onitrol division of CAA lhis nutliority way between Las Vegas and Mormon Mesa is
to cont,.ol lir trifflic olle,,ting within the bound- V-2 1, V-.
aries of these aiiirwuys .and their initersectiol" filml(
terl'miad I,(fits. 'Tlhes4e airways are 11) hiles wide CONTROL OF AIR TRAFF - BY

tdill extend from fmil altitude of 700 feet upward, ARTC
A l1 cort rolled airwalys are equipped with aids

to mnvigation such as radio ranges, fan ilmarkers, ANITC was created in 1936 with the specific
holnimig stltions, and z-type marker beacons used purpose of expediting the flow of air traffic along
to iiark the (-ole of silence over the range stations. the civil airways during defined instrunienit flight

Iln additioil, soilie Iiirways are miiarked with ro- conditions ii ait manner consistent with safety.
tating Iiglit beacons for niight visual flight. Air- 'hi is lini-sion of ARTC necessitates control, which

ways which are iui,.onitroll' f id do not have these is delegated to '21; control centers in the .oniti uemitiul
fuicilitlies Inre mmiairhed (list inOctively in tle Raidio l liited Stiates, each ceter centrally located in tle
Facility (lharts. area over which it has uri-isdiction. Each center

El'X(et for V(R Iiwil'ways discussed later., ill 'controls lil average of 2,101() miles of civil aLirways.
airway'% ;'e. de'igiiated by o.(lor and miii aiber. 'IThe lun-i cenlter is co(,Odilmlted with all the CAA

air-uwav r0tes extendig east anml west have tlhe rlilge stati.ls loc-ated oni the civil airways, with
desigl iiti (l of Greeli or Red and generally 11a\ve control towers at collmniercial and ililitary air-

VeVII III I III brs: for evNuui1idI, the aiIII v tNextei'odI ig l wrt,, witli iliitiiNr operatiolis offices, Iti1d with

east anl west hetweemn Cainamrill, Cilif.. fiml airlines (lispatch offices, byneuans of an interpliole
I'iihd,,.lphiia, Pit., is identified its (recn 4. Aii- cOmimmiiiitication .systelil. 1ach (center is also col)-

way mrolnte' extendhing ilol'th :1iid soulthi hlli\ thu ile(led with evelry other (center by tile iliteril)1on11

desiginiuti(II 4f Amuiber 0' Blle itild ,eivm,1lly hove sa'st.eii.
,,dd litIirs. Th'le conmtrol (if air traffic depends oil the use

D)"o .-inlliplfy fli_,lit !)l:aI cuvlltesnul cled rances,, of raudio f:cilities. To estuhlishi effectivie c( ntrol,

the ('AA has begun ,-e-ilesigt tiiig certilin the center Ililust be ill contact Nith all Iii. traffliic

FF 'M I itv . Figure 1:1-1 shows a typictl ex- ope .iltinlg withinli the lifiiits of Ili' ((ritn led I lrl e l s.

umnuplih 4If the new iiethlod bY v iic. i single. hg '[li sait. lie faclilities that are uiv(d folr ali-gr•i'iulul
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Figure 13-1. Designation of airways (LF/MF)

c~uuit 'tiuii i s ivii used for raino iuvigant io, for titudes. For insttince, if severail aircraft depart

tx:tlttlc, r n adi raliges As. I result, rldio riaiges siulltt111titously fromn an miiipoit with the intent of

:-lati murker beacon facilitie.,, Iave become the crui.Z in the smiae direction and on the snme air-

I.m's•s for ah'wtv \'s til% igattill 1t 1 tratic control: way, theY will 1e assigned different altitudes by

vwitl out these, Systemiitic tri'atic proceduri•s' could A 11''(C. Th'It. ittit itmta vtrtictt1 .eparation is 1,000

1 a" t I IAI dcvelO1 et, feet. except on ovehwater mid long flights.

/onf.ittidbi(il ,S'elaratihm. Where the fixes
Operating Procedures of ARTC iltv 1lev.• thnm 1)11 mile. apart, longitudinal separa- -

-TIe s.leue,.!4'fl )pel-tittio of AI I' depends lion is effected by timing flights so thit a 10-

0n1 co(t mtd'ntionl bet weel the diq)ltching agency, nitinute, interval exists bet ween airei craft flying on
til c,,trol t,,ter.• ,il the CAA rtdio facilities, irwaysN at the s.imne attitude mid in the same direc-

:1t1d titm mlt rol ceniter. When flight colldit •olts ltie tion. If the fixes tIlong the airway tire more than

lihlhmw V\.1% nitittilttlts, hIlld the pilht is philullting a 1(() Ii'les itptilt. the time interval between the air-

fil'ldit ol oU ;Iv'ros,5 ivil i lie ,ilbillits the citft l•mst b)e' at least 15 imitltes. Ihis rule, how-

prt livtlt iiifmiriitit l to stittimlt oprlitriols'. Stat- 'eve, is flexible mial depend.s ol tle existing situa-

tiot olirtt itmtls, ill titni, .,1hbtits the iitforilumtionm tion tut the speel of the aircratft.

It t in' attlroliat R' .lIT(" tI'ttil ftn clearan(eI(T of La/(r,1 Si/,rIt/(Jf -. Liitt'|itl ,lpilrition is ef-

thu fligt. Ilter li ,'i milt-lttAmc.es imay the Ilight fected bv cletlting tr'tilic to fly Onl the right side of

he contducted IFIR iihiSs ctiithlIlli't, is gritliteul by tit' (irv, it lor t' k hiJ,. Wleg' en this type of sep-

I ,. II ppIiiI;Itt' A lI•''( ' •'el•tt'r. A.l'(' cleharntce tiuatioti is usetd, tilet iItireft tire cleat'ed well to the

tilist bI reutl,'.tutl beftlre til,.-otl', billt it 11h y iliu righlt ,,f tilt, oi,-cttu.tse of tit' range leg coitrernied.

he r'e(tlutsteI 11l11 thell tilt- ft is in the air flying lIitterttl seliarlltit0h is geiel'letly used ill collibillik-

V PIZ :11 1 t litdItitlts thititige. tilt wit hi I lde otlier tipes of ,-t, t tll'lioll, rIr'vlN

Thie si"glilici'it f'itii' tf tttii,' conlto] bl i :ltih .
kRU'Y(" i, tircra-.;fit v•lj;n~lti(III. "l'lli. s'epl~l-litioll is

hi~tltu',v itt thriti' ihiit,'itsol: vrtictl., hiligi- FL'IGHT S1E' RVICES (PLAN 62)

trollehhid l tt, t . V. l,'liglt rv'ice(s' is tm Air . 'oiv'i fit ctioti estiib-

VI crt;aI ,e/mi•critiom, Verlicci sClm|Irat ioti o'- 0i s ltt I 1'diiUtte |ililitily' flights, Vether V'FI
%%!'r !vl., tl,,, 11-11lli, i.4 .. liggez(ro lit (lil1'er ilt Ill- or llýlR . Q ll illillry fiehlds live* .oll ,e'ted by it
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Fli-ht Ser-vices thletype II11(1 iiterl)hloe systemi.
Si .1t lilt- actiutl colt rol of IFR flights is handled

-by the QAA Air Tratie C('oetrol system, the fune-
tion of F'light Seivices is keeping tabs on IF1_
tiighli rathbei than (,mirallI ing theni. VIFR flights
are fidly uiilr Flight Serv'ices Control. The
N a vv usl.ls tile cor ina mication facilities, rescu__e
.ervice,, and ia-fligdht advi,;ory servicee- of Flight
Sel-v'ces. It (toes not witially utilize Flight Serv.- • : :
ices clearance services. A Navy pilot is cleared ? • :]J•=:-

from .\Jr- Fýorce fividl.s it .accordance with Navy

dIrectives. tihe A.\ il oice ( ). acti ng if I .w ve--

the (. 0. (,f a Naval Air tation ill function
as cleariig authority.

1i Aht Services perforitis the following fune-
tio,,,: (I) pIovides pIe-flight briefings at Air 1•000 FET
Force stations, (2) operates as a VFR clearing
auithoritv for naval aircraft in some locations by
ig vetli eut, (3) provides ia-fliglht advisories
(e.peciilly weatheil) oil request through CA.k
iiu1io failties. (-I) halilles aiIrIcraft movement
(iiiiiuitilii'ti- |Ietwvievil miilitarv fields. (5)
hIi nilel V FH dleal'a IlWes f 1o01i fields wliere no CAA
lot, Ilight S.ivices c,.oli micnivatiolls facilities

exist, (i) an tiltaiIs It file of clirretit militarv ___

flight ldans, (7) coordiiliites the air-rescue serv-
ices of ti ll types in emergenlcies, and (8) provides --

rtipid assista iie iii regard to emergency landing
field-. I\'hien jirborne, i pilot contacts Flight
S1ervice, th'oigli tlihe nearest ('AA ground/aii-
r'adio stittion.

APPROACH CONTROL Figure 13-2. Vertical separation

lilt l it ircraft eiitei'S iL control zone or Iei OI oil
I f'R lpfght, Approll ch ('onttol takes over from center is siaown oni the ciart ill liadio Facility
ART(" an ti handlles holi g ilmid( apl)roach to the ('hamrts. At lImi-ger terminal points, such its Wash-
desired fil(d. Apprnalch ('eoitrol functions Iby iligtol, I). ( k', Appi'oncli ('ontrol hinndles ill IF11
dlirlect radio oinllllllllll icatioll with the aircraft anid flights withinil an itia of it cert'iill designated i-a.-

Op)eni'ten from a tdesigilited towve', but ol ia tlif- dium from the II1u1ster tower. Approacli ('oatliol
fer'i-lt fretiiloly, Wvhe'-v several atirports live (toes niot Iiaille V'Fli oplerati bs.
i-lose tiigitl leh. one tower is designated as cowi-
trioller for approachet('es to Ill], iid is stiti1ed by s5pe- Airport Traffic Control

cil lv triieid l1ii0a. 'Ilhis tower tiny %. at either Airport Traffic ('oalrtol liulles VI'FI air-
a ( kA oi. it ilitiri - field. llidio Facility trallic Ii\'eei ll.ilns i h it i, uiim'ed:iiite ,vivilitv of till
('lllt Shi•iw the. loh,:loiii of til 111lpioliclh (-'llt.i'l airtp rt. 'l'n'aflic ill thl ltaitlig Ilrea, oil tile fiehl,
vemexll( ]l11ll illilg it fil d, hi. - ill till ail':pa('e dlesignlla edI its it con~tro(l all'vit or

.\piqwmhi ('omitrol idlso controls ]FIt deliilt- zon)ite conies iiiiler Airport 'l'rullic ('oltrii. julis-
tIll'is ill its il'a or1 ZOlle, 'IThe atlea of it control (dlition. l cid COniiiilnt ou is on tilie tower
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frequelnc.N, and the tower grants permission and Airspace Restricted Areas
gives diriect ions. for I dillgs, t ake-otrs, and taxi- Airspace restricted areas are defined as "des-
ing. When the aircraft is not radio-equipped, ignated areas in which flight is restricted es-
v iziial light signils are I used. iinder I FR con- tublished by lilrl)vilte authoity.' They are

dlitoi,., liiovve., llldings and take-offs colle sh'own oil lieroi'iititial charts and published in
Iilier tile control ,of Appllroachl Coiitrol. NOTAMS as "'Prolibited, . liestricted," and

"-11,arning" areas. Ili Prohibited Areas, flight, is

CIVIL AIR REGULATIONS, p)rohibited at all times. In Restricted and Warn-
PlT6Ig Areas, flight is prohib ibted while the area is

PART 60 in llse. 'Tie areas so designated are indexed and

A.ir T'rittlic Rilit's Oltlilri.e Part 60 of the showni iln Radfacs. To enter at Prohibited

0% 1] Air Regilt los. Asanaval ilviator, Yu ArIti at an V timne tandti a Iest ricted or Warning

shtwihi know ft 1it.-e riles•ald keel) il!) with changes. Area When it is ill use, yVo Illust live permission

Thie fill lext is repriiitetd ill the Siippleliieiitiriy from the ilp-iopriate authority.
Flight IIIfoitiwitli l )aciiment, tilal chlanges ap- Right-of-Way
pv:tr ill M1ilitarv A.viatioll .Noatices (MAN's) by Vie right-f-way of ole ircraft over anotherhtvlctvpe. Il'hese inltlud ie th,, hitiges niatde fron h ih-fwa foetnratoe nte
lite to me il the lie iinot at ions detillining ceiling, is broken down into the following circumstancesviillieto . (',til v Ill ',., ftom chtiolls, (letd n C e'i ing ,] or. Categories:

N, IsblilY.ChlIIMir1 fontclolds ad cuisng t .1-1. An aireraft lin distress hias tihe right-of-way
tit hi.es for- I' :1 andI IF l whi h apl pear in o 1. ti r s i

A'.. 1H. i';lrl I;i,. Ntvil ttilcr;lft tirle also Ii ()litlloter1U. til.' Rii P;Ivt 01I 'Nil A\ilcat arei tileo boGel "2. A priority of aircraft types converging is
1) l V gl 0111-01tiid 0PerAt* IIIStrl.rt~ltitled for n- N it estla)lished on the order of (1) balloons, ('2) glid--
-' ,. ers, (3) airships, (4) airplanes and rotocraft. Air-

ei llill~g %%itl.h 1 FI ll1FI lili tatVioll., clitft ,if a similar category (.oliverging lit the same
Thlesh. :ve occ':aiouially been stricter than CAA altitude are governed Ib the rule that tht, one odý-t:tllditr& .s the right hias the right-of-way. (See Figure

' (,eis ýt omll~ ly(f the p irts o)f ('. A. R , 13-:5.) P~owered aircraft always yiehld to towed

lirt co \vhich do ot c'hange very often. Check or towing aircraft.
thlull for CIInl'l't at(cci'un'v., however, for changes s. e is altered to the right by each air-
iiIll V iiyi~e Itlut, 0(cr .MinlIe thIis ~ ItIl w..tIS )i~cinte(l. ('raft when two aircraft approach head-on.

CAR 60 General Flight Rules 4. Anl overtaken atircrraft has the right-of-way
over all aircraft overtaking it, and it is the re-

Irt light jictr)n to be taken under I lt con- sponKiillit y of the latter to avoid collision by alter-
(liti s inIcludhes "ii, i.' cliiilinonll-svilSe itelis stich it, ing to tie right until past atnd clear.
a stutliv of (t'ulrelit weithtier forccasts and it study 5. landing nircrllft have the right-of-way
1), f fi lf.I I' q i ' m t il, l Itte r nla te Il]•l ,, a nd( (_O ll- ov er('1 o t hter .air cra ft ill tile a ir o r o il tihe g ro u n d .

Siihirttion of known tr'affic (delay.s. I\'lil two aircraft Ilre ill their all)roaell, the
S'eless air" reckiess (JiacrlltiOll of aircriaft is lower has the right-of-waiy. Regardless of right-

IrlilitltI adl defiined in part its it Inniaier of aif-waV. tiil pilots are responisible to avoid the pos-
opjai:atioll which will enilaliger the life or plrop- sibilit {of collision with other aircraft.
eri v of hlii -n's. I',xalnlliples of .stich o)peratrionl ale

iiizzilig bIuillilngs, vellieh.s, vessels, p)e'rsonls, 01 Formation and Acrobatic Flight
1i'vest ,ck. Anlothaer iltterestilng uxiiiiplie of el- F'ormation flight is pIrohlilited except. by pre-
hlligt'e'ilg the irolert *ty Nof itnothier is the ease of a Itll|.l lllgtieltilt I'etweell puilots ill (Oillilll idl.

JIsf',,l pil hing ill I irckh.'s lllnller till aircraft Acruba tit c flight, defillh d its IllillletlVels IlI-
\vlih it' ,. does,. Ilo ,)WI). IB ,,o~iinlg Iilvolvedl ill tvitiomllly 1)erforilled Ibv 111 1 1reltlift inlvolvingz
hi]si I'tntll ttitflg t tiih ,tlr prt'e lale ~ u p ll Illl'rult ('hIallg(, ill its attitude, all ablm~iol-111lit-

1llutll, or, riltiig h Ititsltlothr c'wie citedt as a lack of titude, or an ablorinal icceleratioll," is plrohibited
aig..tt oiih ali till' part aif it pilot. uiil'er tile followinig uiio(litiiOi :
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1. Over congested areas of cities, townjs, or ground or water must display position lights be-
over open air assembly of persons. tween sunset and sunrise. In addition, unless the

2. Within any civil airway or control zone. aircraft is in an area marked with obstruction
3. When flight visibility is less than three lights, it must be clearly illuminated or lighted

miles. between sunset and sunrise whenever it is parked
4. Below an altitude of 1,500 feet above the or moved in dangerous proximity to the portion

ground. of an airport whichi might be used for night flight
operations.

Minimum Safe Altitude

In congested areas, a minimum safe altitude is Definitions

one that is at least 1,000 feet over the highest o0- Air traffic cleariincciiathoriz'itiou by air
stale within a radius of 2,000 feet. Enough alti- traffic control, for the purpose of preventing col-
tude must be maintained to assure that, in the lision between known aircraft, for an aircraft to
event of an engine failure, an emergency landing proceed under specified traffic conditions within a

couldl 1. effected without endangering persons or control zone or control area.

prol)ei y on the surface. Elsewhere all person3, Air trafc control-ia service operated by alp-
livestock, vessels, vehicles, or buildings must be propriate ¶authority to promote the safe, orderly,

cleared by at least 500 feet. and expeditious flow of air traffic.
Under IFR conditions, 100 feet clearance Contro area-an airspace of defined dimen-

over the highest. obstacle within 5 miles of the sions, designated by the administrator, extending
centerline of the intended course must be main- Upl)ward from an altihtde of 700 feet above the

tained or the altitude specified for each airway by surface, within which air traffic control is exer-

the administrator. cised (Figure 13--3).
Control zone-an airspace of defined dimen-

Miscellaneous Rules sions, designated by the administrator, extending

Left-hand traffic is the nornmal field pattern. upwl)%ard from the surface to include one or more

The pilot is responsible for giving an arrival airports, and within which rules additional to
notice to the tower or nearest CAA communica- those governing flight in control areas apply for

tions when a fligh~t plan has been filed. the protection of air traffic. (Figure 13-4)
Ceiling-the distance from the surface to the

All aircraft in flight or operated on the lowest cloud layer reported as "broken clouds,"
"overcast," or "obscuration."

/('riziny altitude-a constant altimeter indi-
/ cation, in relation to sea level, maintained during

/ 'a flight or portion thereof.
// IFlight vi8ibility--the average horizontal dis-

/ tance at which prominent objects may be seen from
// "the cockpit.

/ Ground vieibility.-the average range of vi-
/sion in the vicinity of an airport as reported byS~the U. S. Weather Bureau--if unavailable, by an

accredited observer,

Visual Flight Rules (VFR)

SFlights must be conducted in accordlance with
S. either visual flight rules (VFR) or instrument

flight rules (IFJR) in additihn to complying with
the general flight rules just outlined and (diseussed.
Weather conditions permitting, VFR may be

Figure 13-3. Which plane has the right of way? followed.
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such - flight, plan is of importance to search andd

rescue operations. Since military pilots. however.
file through "Flight Service," this feature would
seldom be used.

Instrument Flight Rules (IFR)

When weather conditions arc. such that VFR
CONTROL AREA flights are not possible or not desired, flight opera-

---------- CNRO ._,tions are conducted under IFR. U.nder IFR, the
GREEN 6 ZOE flight plan must be filed with air traffic control

GREEN 6before take-off within at &oiitrol zone or control
area. The flight plan must include the infornia-
tion from Part C. Form DI)-175.

Weather requirements for anl alternate airport
contain the provision that the current weather re-
ports and forecasts must show a trend indicating
that the ceiling and visibility will be at. or above

Figure 13-4. Control zone, control area the prescribed alternate minimums at the time of
arrival.

A flight, under IFR must obtain an air traffic
clearance from Air Traffic Control before taking

Cruising Altitudes off from a point within a control zone or before
At an altitude over 3,01)(1 feet. above the stir- entering a control area or control zone.

face and outside of control zones aid control areas For flights operating within control areas or
with flight visibility of less than 3 miles. the cruis- control zones, cruising altitudes under IFR are
ing altitutide is regulated by magnetic course as any altitudes authorized by Air Traffic Control.
follows (Figure 13-4) : Outside of control zones or control areas, the same

1. 0' to 89' inclusive-odd thousands (3,000, magnetic-course-to-altitude relationship applies
5,000, etc.), a.s under VFR above :3.000 feet outside control

2. 90' to 179c inclusive--odd thousands pill., areas and cont rol zones.
"500 (3,500' 5,500, etc.).

3. 1800 to 269' inclusive-even thousands
(4,000, 6,000, etc.).

4. 270" to 3.59 inclusive-even thousands
phi1s 500 (4,500, 6,500, etc.).

Within control zones and control areas, an +,,DD
altitude of an odd or even thousand-foot level ap-
propriate to the direction of flight as specified by r 7
thle administrator shall be adhiered to (F-ig. 13-5-).

Flight Plan

Th'lltiulh fi iizht plans are not r.qmumild by the
CAA for VI"Rt flight. Air 'lrikfie ('outrol will uc-
,(.j)l Stich pholts when reqIP . ted b. thit pilt. ''his
i, it lprThjisiom iii'orpo•ittld for ti(' benlefit of the
civilian pilot so that he iiuly take Iadvantitge of the
Seiar'h aiid rescue facilities whi'h 11ay be available Figure 13-5. Odd or even levels ure adhered to In
ill ellv•mg,('ili(i. 'h1w in formilnon llcoiti eml in control zones and control areas
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Two-Way Radio Communication

GREEN A continuous listening watch must be main-
FLY EVEN W I*- / C, FLY oo0 tained on an appropriate radio frequency during

RI RED I/ the conduct of a flight under IFR, and the time

FLY ouO and altitude of passing each designated reporting
N point must be reported as soon as possible. In-
t cluded in this report should be weather informa-

tion which has not been forecast, such as icing or
extreme turbulence, and any other information
pertinent to safety in flight.

j In case two-way radio communication cannot
be maintained, the pilot must take one of the fol-
lowing courses of action.

\/ 1. He must, if operating under VFR condi-
tions, proceed under VFR and land as soon as

3 practicable.
FLY EVEN 2. An alternate procedure is for him to pro-

ceed according to the latest air traffic clearance to
Figure 13-6. Cruising altitudes in control areas or the radio facility serving his destination, main-

control zones taining mininium safe altitude or the last acknowl-
edged assigned altitude, whichever is higher. He

Normally, aircraft operating along the civil starts his descent at the expected approach time
airways must he flown to the right, of the center last authorized, or, if not received and acknowl-
line of an LF/MF airway, or on the radial desig- edged, at the estimated time of Ttrrival indicated
nated as center line of a VOR airway. by the elapsed time specified in the flight plan.

Standard instrument approaches prescribed (The expected approach time mentioned is defined
for individual airports must be used when in- as the time that an- arriving aircraft will be cleared
strument letdown to an airport is necessary. to commence approach for a landing.) (See
There may be an exception to this rule only when Figures 13-7 and 13-8.)
a different instrument approach is specifically
authorized by the administrator, or a different VFR/IFR Ceiling and Visibility Minimums
instrument approach procedure is authorized by Although the current regulations of the CAA
air traffic control for the particular approach. and Navy in regard to the minimum of ceiling

Figure 13-7. Loss-of -communications procedure

PROCEED ACCORDING TO LATEST CLEARANCE TO RADIO FACILITY SERVING
DESTINATION AIRPORT MAINTAINING THE MINIMUM SAFE ALTITUDE OR
THE LAST ACKNOWLEDGED A.5IGNED ALTITUDE,WHICHEVER IS HIGHER

- _ . ,•10,000 80 0
- rMINIMUM~ 9000

E PASO MINIMUMW00o 600O0MNIMUM

CO P PHEIX-N IG
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@I

I

. IF PLANE AT TOP OF STACK EXPERIENCES AN
•4EMERGENJ.Y REQUIRING A PRIORITY APPROACH ANIO

- o, -LANDINU, THE PILOT MUST MAKE A WRITTEN RE-"PORT WITHIN 48 HOURS.

?1J~~FLJ1 A % AIRPORT

Figure 13-8. Emergency approach

and visibility for VF, and IFR flight may change 2,000 feet horizontally from any cloud formation.

from time to time, they are i:ncluded here as gen- Outside control zones and below 700 feet, the nir-

eral information. In actual operation, see the craft must remain clear of clouds. Outside control

latest, revised edition of the Supplementary Flight zones and above 700 feet, 500 feet vertically under,

Inform,' uion Dcuae,,t for the current rules. 1,000 feet vertically over, aiLd 2,000 feet horizon-

At present, the following are the minimums tally from any cloud formation.

for N'FR flight. These apply at the point of The alternate airport weather minimums for

departure, along the entire route, and at destina- IFR flight refer to the weather forecast for the

tion unless authorization is obtained to ignore the time of arrival. If there are published minimums

visibility limitation within the airport control for the airport, of course they are the ones that

areas. apply. If there are no published minimums, the

Vi.sibility.-ln control zones, 3 miles unless minimums are as follows:

authorization for lower minimumns is received; For an airport with radio direction facili-

outside control zones ano under 700 feet, the CAA ties--ceiling 1,000 feet, visibility 1 mile; or ceiling

requires 1 iuile and the Navy requires 3 miles. 900 feet, visibility 11.2 miles; or ceiling 800 feet,

Ceiling and Pi.tancefrom Cloud8.-In control visibility 2 miles. For an airport without radio

zones, ceiling 1,000 feet, and clearance 500 feet direction facilities--ceiling 1,000 feet with broken

vertically under, 1,000 feet vertically over, and clouds or better, visibility 2 miles.
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civilian fields with control towers, tihe clearaice Visibility must be at least 3 nmiles above the cloud
is relayed to the aircraft. via the tower. Before layers for this type of flight.
the clearance c'an be considered, however, the. pilot. There are many instances when the submitted

must declare his intenlt to Imake a flight and the flight plani cannot be approved awid the center
routes which lie desires to follow. This declara- specifies a revised plan subject to the approval
tion is coiinionly knowni as the flight planu. The of the pilot submitting the original. This occurs
filing of a flight plan, in itself, does not con- when the ARTC center cannot approve the silb-
stitute pernission to imake the flight. nitted flight plan because of congested traffic con-

('learance, of course, may be requested and be ditions or because aircraft have been previously
ceived wlhile in thle air. "he request is made assigned to tile altitilude requested ill the flight

veriballv through a ground ('oniii niciat ions sta- plian. Ini this case, the con)trol center recollilliends
tion and the clearance relayed to the aircraft via another altitude for the flight pl: i and tie pilot
a similar agency. The inside cover (last page) can either accept the revised plan or accept. a de-
of Iadfacs shows tile proper mietlhod of making lay in the approval of the proposed flight plan.
this request. The flight may Ie* rerouted also to eihiminate long

The flight clearance constitutes the authority delaiys which would result from the presence of
to p'rocleed uilder the specified conditions only in- aircraft at all 1,000-foot levels on the desired air-
sofar as known traffic is concerned. ('learances way route. When heavy traliffic exists within the
are bas-zed solely oil expediting and separating air clouds, ARTC clears later traflic, w,\hen possible,
traffic alid (o niot constitute auitliority to violate for a "1,000 on top" flight, since horizontal visi-
the CAA regulatiolls. bility of 3 miles or better make traflic separation

imuch easier.
Types of Clearance

The type of clearance for the flight is deter- What a Clearance Consists Of

ininied largely by the weather in volved. Since Clearances conisist of the following:
ART"(" is ot cn'ernedl with VFR flights, thifs Flight oraircraft identification -for example,
type of clearance is not considered here. The Navy 1234 or MATS 4904.
weather ininlinninis for VFH flights are important, Clearance limit and route--nornmally to air-
hIowever, as the basis for filing flight phlas for IFR port, range station, or tower at point of first in-
flights. These mininlunns were stated in the last tended landing. It might be an en route reportingchater, but in practice be sure to check the mini- point, because of uncertainty of traffic beyond cer-
i ni.u.s prescribed inl current ()I1 NAV instructions. tlain points. The flight route is specified, for ex-
IaFI flight is Ile'sSir when \Fl niinimunis lunlmle, "VIA (cole: - IRWAYS TO (reporting
cmilumio!t he mlaintainled. Therefore, an I FR flight point)" or "VIA IHRECTI' (reporting point) TO
P 1hintiiuist I i uimnimmi itted to ttliei~l~ollr~~i-te AtET(" (reporting p)oint)." It. mnay also be "VIA

comiter when Siuch flighlts are ill oi- across con- FLIGHT PLANNEL) ROUTE."
Altitude, Approach andior dqmarture proce-

durc-altitude information consisting of:
Ilvl% d'eilrlillceý' ,• i.led lby AVIVI(: 1. Cruising alt itude oit alt itudes.

C/el/~l'. n hi, tpe)f 2. Attitudes over r-plortinig points toi be
clearance, the pilot usually req u ests an altitude crossed at other than cruising altitude.

whill he iiin lh airways 3. Where to start clinih and/"or descent when
duil'ingt he il, lsli-111lwltl weather conditions. If

loeceSa ay.tills oltitude i• ]lot :avalhlaleh bef-Iliust, of othier triif- -. ]e~lil' r a~~(a l ati d s w e
tIR, Ilhe AR'['V celite'r will Spec'ify all av'ailable 4. De pa~rtueoy.poih IiidsNi-

a l1t itu ld e lit w h i d ) h e i lr(. t ih t c al l I~e c o li dh uc t cd . ,Np tc 'ia l i lfo r, 11 t0 oo n k n ow n tr n itfi c a nid its
/ k'// 1,(ool( (", 7'()lj. T h i ty pe, o f C leli rl' l e(e if.4 loc attion a nld til v o ther in f or mi atio ni w h ich illay bie

ise i the flight is tio lie COI(Illhcted at. lealst luseful to thle ;ilot ill following the particular
. t fiý(ýt Ilkov!b hmnok(m ,'louml oir ao m oNerc;ist. lharl'amince.
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.lf,'.!.qg' dfb;,',/ ;v o,,f,-t;on mi,, o,- canal- A II'(IOPI'. (The color 1111l 1iriiiiher of the air-
lation tim,' i m'a(,s.Qar;- -agenfejs through which Will are o0n itted becoause only one possible route
lnessage. mav be relayed, either to or from the air- exists. Tire airway must be followed unless the
cr-aft (whIich frjeijuc icCS to gular'd), -111d, if dppl i- cleairance specifically auithorized direct.)
cable, the tinie at which the clearance expires, for
example. "THiIS CLEIARANC(E IS GOO1 UN Attitude and Departure Procedure
TIL (time) CST." IIere are some exaln1[lchs of tihe lt Irasteologies

used for varifols alt itirde 'nd (lepartilre proce-

STANDARD PHRASEOLOGIES dures;
1. MAINTAIN ;5,0o0 FEET. CIAMB VFR.

All clearancs issoted 1" v\T( and relayed to 2. MA. NT.IN ;Ninn o,011 0NTIIL FUlR-
the pilot by any other conlllnillicat iofns agency is 'Il IE]Z A I)V1SI';l). (YA flortther cIct.1rialice %vill
l)refixeAl with the phrase "ATC C'LEARS . . ." lplmhlily be received fromr a compulsory reportir.i,
The cogniiizanit center is usually identified at this lminl station.)
ti jie, for exaunple. "SAN ANTONIO ATC :. MAINTAIN 7.1o1)) FEET WIIIL, INN

.()N'1,0)L, ARE.A, CLIMB WE'LI o() TlIl E
1(I"IIT OF COUSIE.1,, H EI()OHT PASSING

Clearan,. Limit and Route 3,on1 FEET ANI) 6,00o FEEIT.

hlere are solne exalnniles oif phlinseologies used 4. lMAYINTAIN 1.00,•) FEI'T ABOVE AIAL
for 'Variflso cleartinee limit :n11d rolite5: ('I,()I)S. TAKE OFF RUNWAY 25. CIMB

1. A'( ('IEARS NAVY 12:14 TO AIAMO) ON IIEAI)IN( 295. E'P(RTr WIIEN (h'EAR
.AlIPOIT VIA I)IHECT(COI'(PUS ('IIRISTI, 01F ALL, CLOUI)S.
]IIAE :8n L()S()YA 1NT1ERSIC(TION AND)...\m:IBlR 4 TO ALAMO. Approach and Holding Procedure

2. ATC CIEARS NAVY 1234 OUT OF Here are seine examples of tile p1hriseologies
(C)NTI()I, AIH 1.A;'ZON , 25 MILES NORT1I- used foa various approach rnd holding lprocedur'e.
WEST OF COIIPUIS (CHIS'T'I. (This type is (See Figure 14-1.)
nroririally lised when aircraft will riot again enter 1. CI,EAREI) TO 4iOOI)FEI,I,A)W TOW-
a Contro i- area.) ER FOB A STANI)ARI) I.ANGE AP-

3. ATI' (IAR,.%S NAVY 12:14 TO TIlE PR()ACII TO TIEl (iOOl))FELIA)W All-
PEN,*SAC.COL-A RAN(;F STATION DIEECT. 1( )IIT. The atircraft descends to the initial

4. ATC CIEAIRS NAVY 1-234 FROM SAN al)pproach altitude for tire San Angelo Ramge stur-
ANTONIO TO MI),.ANI) AIIRPORT VIA tion (3.,51)u fect onr S. AV. leg) and makes initial
TIIE C. B. B.A(NC Il ANI) M'ERTZON I NTER- lipprol-ch lit this llitititle. After pasil rig lalge
SECTI) NS. ('Tihis mairkes tile C. II. Ealich and station, tire a ircr-lft proceeds olit oil a lpp roach lc

[fi'rtzoluIo lite rset liolls (conlr)nl-')ry re' lprt i Ii for 4 minlutes, mitkes lrocedure tilulrn crolsses lo
points.) (OriC at. iipprove(i Ilininilnii altitlide ann l( ids if

V,. ATC CILEA.\S NAVY 12234 FR.OM possible (Air Trallic Vlnles, Part GO, Sect ionr II).
CO() I'S ClIII.STI 'IT TIll II OUSTON (Conruriiiiiilt iolrs are inru-il1tililned with AT(C until

VFR.
2. PIOCEED FOUl. MINUTES OUT ON

SOUTHWES1 T (APPROACIH) IEG. No(TI-i l• FY ATC WII EN C()MMENCI N(I STIANJ)AR1)

Al".'IZJ{OA.CH. Tihe i iircraft proilst l'irueed o1t -
bloiflnd oil ihtdlowu leg for 4 niliiniu, Ift-fole coini-

• i ~ ~~IllIliCilig prl'oc(-dilrpv tillrl1 (rlllnge ap11t, ]-

piroach(l). Vouice roiiiilrilulitll Mil is t( bh llllrill-

tallied wvithl ATC throurgh the r-alung- stitioln.

3. CONTA.CT C()lIl'I: ('CII •STl AIl-
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CRUISIING ALT

i Figure 14-1. Typical
rarge approachS• . 3 1 0 0 '

i ~AUTH MIN-

SKFr 3 JT"

PIZ)AClI (CON'ROL() ON 3S2 KC ()01 126.18 Special Information
M (f;ACYCI'F(S R oR F11.HI'lEIH CLEAR- There are no standard phra)Feologies for
A.NCIF. Vt urther instmictions pertinent for let- s•)ecial information. Tie i) phieolcgy includes
dowa will be received froom Corpus Christi ATp- tie desired information in clear, coicise lan•irige
l (chli Control l(1 indicated freqouc Ces. and as briefly ais practicable.

4. CIIARlII) TO TIlF ()I)FM FAN
MAIUKER MAINTAIN 5.500 FEET. IHOI) Message Delivery Information
BI*;TWII;N Ol.)EM ANI) A POINT TWO Message delivery information and/or cancel-
MINUATES NORTI1WEST. EXPECTEI) A1h lation timike, if neces•sary, is clearly presented in
I~I(ACII TIME 1724. In case of two-way coim- concise language and as brifly as possible. In-

(i1 .ation faile re, the expected te aiprocafc tioue structions for relaying clearances are included as

(1724) is dhe tine itt which the aircraft should needed. The timie at which the clearance will ex-
leave the last assigned :altitude and commence a pire and req.i'e the filing of a new request is in-
stincl''Id range ap)proach. The term A P.- luded if applicable.
PIWOACII TIMEi authorizes descent below tle
hlst losgi ned jilt itud ti t the specified time only in
Ct.ui, of radio failiore. DEFINITIONS AND SYMBOLS

5. NAVY 1234 CLEARED TO DESCENI)
TO I,500 FIET,. )EPART ODEM 1724. This
is it stihnr(1 appr)lproach contr'ol cleltritle. The For clear und(.rstandil g of clearance ternis
clehtralitc does laot include authorization to de- and ageid.es, some of t hese items are defined
scend bhelow 1,500 feet but to depart the O(den fan below.
1111 rkc' i nho l it 17°4. Air loiatc Tiaf'c Conrhol Ccnfrr-a- facility

6. VI"IR. Thiis -ontinuation of the approioch established to provide adQ(eitte sUi)ervision of ait
lmin'Ir vi~anl flight rules after ground (ontact hij. trtflic withilit specified control area.
beeol established is auithorized only after it is re- Ks-n tiU1 frafr-traflic t weeri wh ilt re-
( 'jesiled b)y til p~ilot.

( '()NTA(l'T ~ \I II{( ) A ('I! A I 'I 'II(V I':I): J" (l(liir, vertical. literal, or hloigituldillal sejl)Irati oOl

No(Y' F)( )rclILE--(ulhcritt .dur] . for "x- is not bweiing n1laintailled.

'iuihj'i. imi:iiiiaiii 3Mt.)Ii I f,,t )A . )' I A )V I'S1," 0..411.q .1 ltitcde- a' constiint altimeter indi-

VI"U AI'IRO()A('1 I IF NOT!' i'(SSI1LI, cation with the (.uirrelit althiletcr setting in reno

(:ill i i piro'ed i,, i. v., climb o 4,00(0 feet, well tioll to Sea level, 1naintainelh dilring it flight or

ioI f piiI'c) .NI) port ion tlIrcoof.

14-4
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Penetratwon-For jet aircraft, a penetration " Minutes.

is the name given the equivalent of a letdown and > = Reverse course. A__= Over.
procedure turn for conventional aircraft. -=Intercept

Expecttd approach time-the time at which j = 1,000 feet on top j

it is expected that the aircraft will be cleared to @ = At
&And

commence an ap)proach procedure to landing and, A--While in control area.

"lacking further instructions, the time at which the &= Leave control area.

aircraft miay start descent from the last assigned =Enter control area.
""�u= While on airways,

aid= Cross airways.

Expected departure time-the time at which -=Join airways

it is expected that the aircraft will be cleared to No-= Not over or not above.
5 or up=5,000 feet or higher.

depart from the holding fix to commence an ap- RWR= Remnain well to the right of,

preach to landing, but which does not, in itself, cus = Course.
ti 030=On a magnetic heading of 0300.

permit descent from the last assigned altitude. T 030= On a magnetic track of 030°.

(See also the additional definitions in the pro- R 030=The 0300 radial of a VOR or omni range sta-

vious chapter, especially "Control Zone" and IR 030 Inbound on the 3 radial.

"Control Area".) OR 030= Outbound on the 030' radial.

I = 1,000 feet.Clearance Symbor.ls 10= 10.000 feet.

The volume of flight clearances which must 20=20,000 feet.
21 = 2,100 fo-t.

be delivered does not permit excessive repetitions 21,=21,000 feet (comma after 21 and up indicates

of the clearance. Nor do• the normal speaking thousands).
rate allow time for longhand copying of the PST=Paqt.

clearances. As an aid in copying clearances, a BLO= Below.

series of svnibols has been devised and stand- ABV=Above,
IF NO= If not pos.ible.

ardized for use as clearance shorthand. Here are ADV=Advise.
some of the more useful ones and their meanings: RT= Right turn.

LT = Left turn.
RS- Right side.
LS = Left side.
HI = Hold.

C = ATC clears. Pat= Pattern
A = Airport. 0 = Contact.

T= Airport control tower. c = Air Traffic Control Center (CLEc).
R = LOMF radio range station. ape = Approach control (CLEape).
0 = VOt or omni range station. TERC= Terminal control.
ONM = Outer marker. RL =Report leaving.
FM = Fan marker. RR= Report reaching.
V1 = Via victor airway eleven. RP= Report passing.
05= Via wreen airway five. Rep=Report,
R20= Via red airway twenty. APCH= Approach or approaching.
A7 = Via amber airway sevent fyefie- For further clearance.
B25-=Via blue airway twenty-five. I'FA= Until further advised.
-- = Via direct route.

-= Via flight planned route. cac = Expect approach clearance.

IN = Maintain. A = No delay expected.

I M N = Immediately. V =Delay indefinite.

= Climb to. EST= Estimat(ed).

= I)escend to. P0S = Passing.

4 = Cross. VFR--In accordance with visual flight rules.

X = Intersection. Remn = Remain.

.=Until. TFC = Traffic.
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BND =lBomid. obviously (1) be identified and authorized. and
IBNI l= 1,bouod. ('2) adhere to the authorized route and schleduie of
O01N )= Outbound. arrival. This prevents needless air-raid ailalrs,
lIFt) = l, tore. - aAFT-- Befo.r interceptor scrambles, and hazards to the aircraftN.AFNot IAf r tban, in the zone. ADIZ flights must, tli'hefore, be

N1,un =Not foro rottndthanO lQit a ol n
If you have prepared for flight on the airways, authorized for route and time of penetration and

you have investigated thc, route, and this nor- must make position reports. Tl'hi.•,ceates a spevia
mally givws you a working familiarity widith tile flight plan kiown as a DVFR fi igh t plan- -that is,

identification svillb)Os of the on route stations. a flight plan for VFR flight in an AI)IZ.

Identiticalion signals provide an excellent short- Figure 14-2 shows a inap of the Air- Defense

Shanrd d.vict for utse. ili copying clearances. Where Identificatiol Z,)nes it.s stahlished lit the datne of

the svn )0ols and abbreviations are not sufficient publication of this ma nual. Il'hesc Zon.es, however,

for t'Op) Vig the complete message, use plain are subject to change. Check the current AI)IZ
~LIuIguL, gC. boundaries in th,. Suipplementary Fllight Infoirmt-

here i• a olu h, (f i flight clearance as it tioui I)ociiumeniit and oil ('cllrr-enlt •VA( h ch:'t;.

niliht hie t tansMittedin th tie airtc'raft followed byI a AI)IZ Inrocedurles are desý'.ibld ill the Supple-

"sinple of rie sanite clearance written in symbols nientary Flight. Information D)ocument. Refer

and a dreviations. to the data ill the CAA Flight Information Man-
SAN ANTl'N!() Am CLEARS ,AVY ual for the interception pattern used by Air De-

fense, Coinind l in identifica~tion int ript of
12-A4 Y0() TllE SAN ANTONIO RANGE STA-
TION VIA 1)IRECI('T (I'(lT)ORY GREEN 6 trinlsports aircraft.

('(0lP0'1 ('ISRISTI BIATE 3i) AND AMBER Definitions
4 TO SAN ANTONIO. MAINTAIN 7000 A ('Cwmtal ADIZ is one which is estalslshed
FE, Tl ANI) TURN RIG1IT AFTER TAKE- over ocean areas adjacent to 1whe coastal inter-

O)FF". li".l\IN WEIT, TO THE RIGIIT OF national boundary. Ten ,,iliutes before entering
('()IRiSE. REPORT PASSING 3000, 4000, such an AI)IZ, reloet your position and intended

AJ u;I)oo IEI', (')ON1'ATCT SAN ANTONIO course to CAA radio (or, Alaskan Coastal AI)IZ,
APPI( )A('II CONTROL ON :344 KCS OR to CAA or military airway Station).
12f;.l MV EG.\CYC(IA,L. AT IjOSOYA INTER- A 1)omstic A1IZ is an AI)IZ wholly within
SECTION FOR F1 I'l'Hl ( ER CLEARAN('E: the borders of the 1'. S. If vI-oi ire alren ,ly in
J)EAY I NI )IFINITE, EX1PECT TAP I litI United States, report to the last ('AA rtolio

Pl( ).\A(' ('111,'AARANC'E NOT I,ATER TITAN oni (o)r' adljacent to) your, route before clntelrilng the
1;45, (Tl';N'l'I~, lS'P'ANIu) TIME. I~Domestic AI)IZ, and give %ouil estiimited time of

,A'T C N12:,4 T() SAT R G6 R( ' ('Ilt' I ntra litul)poped rolite or 'oiUlSe. Adhl'menclu to

B2;) I,()s k-1 SAT MT17 1T AFTIT() RWII ('!S your flight plan is required.

] ;l 3t4i o Sl' AT '(' 3-14 OR ijlfi.ls (a IOS .1 Bounmary A.DIZ appears where there is it
l)omnestic Al)IZ with one side of it hlie inter-

X I ', p: I ,(. NI, 16 1 .5(C national ouindary uet,'twe-e the I!. S. alnl ('1na1dt
ADIZ CLEARANCES AND or M,,xico. 'l'llis AI)IZ is a line ruather than in

RFN) R1S arela. Evi n thIoughgluI "oi a ,u',, n ly irdn it ('unadia mu
AI)IZ (('AD)IZ), for exampleh, i l'ej)ort is ve-

I', pi-#,tv(it the I l'ited States, Alaska, and (ujiired before crossilug the louildliiy AI)IZ inito

(0,111:1- fr',,, viul t)11 ati,' k, Air ])env. Il,,ntifi- a ]ouuuestic Al)IZ.
cation Zow-, A\I Z, itve beenl u,.tablisled on our .'1 (1',"(t(,dian .I)IZ oI (C.I)IZ is atl AI)IZ
hordeI:. I il'ut died urai'ft ente'ring these wholly within ('*ammdiam boundaries.
ZoutVIS will be ili),r'lpted blly figlhter ailrcraft and A.1 ,,cui!y ldcn , p'lltion Zun, (SIZ) is a
mlay he shot down. l,egiti iiaite ullr traffic iiuiisi l1arrow,\ lanie across a ('Al)IZ for idenltificat ion of
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aircraft helow 4,000 feet. Unlike the 1T, S., Can- mitted in flight or changed in flight to enter an
ada permits VFR flights in a CADIZ without ADIZ ex-ept in an emergency. if it becomes ob-

-fl",rtt plans below 4,00) feet except in crossing vious that the route or schedule in a DVFR flight
s1thlouind d1 thrliough tile SIZ. Soutlihbounul flights phlan cannot be adhered to, corrected information
through the SIZ must file a flight. plan at least. 15 must be transmitted ininiediately to the appro-
)111 nites before intended entry into the SIIZ. The priate radio facility.
SIZ is 20 nautical miles from nortlh to south. ADIZ Position Reports

Flight Plans for ADIZ Pilots of IFR flights make routine position

Pilots of IFR flights, of course, always file a reports in an AI)IZ, except when not in a cont;.ol
flighit plan through the (Clearance Form D1)- :'i or aireat, in which .case they report. as if
175) withi AIT('. No further action is required LPVFR. Pilots of I)VFR flights must report0 po-
of IFR flights to prepare for flight into an AI)IZ. sition before actuai entry into an A1)IZ and while
'The pilot of VFR flight, however, must file such in an AI)IZ at least once hourly its required. In
;a flight pliai, k,iown as a I)VFR flight plan, in the- Alaska regiot, reports must be made every
.oder to enter an Al)IZ or operate within an thirty minutes, u less IF'li on airways. In Can-
Al.)DJZ. Th is flight plan mutt include route and ada, position reports are only required when en-
altitude. (Aircraft without radio must remain tering a ('AI)IZ and when southbound into a
below 4,0•)0 feet.) the flight phln must be filed SIZ.-
before take-off, and no tlighit l)lan may be sub- Position reports consist of time, position, and

I •AIR DEFENSE IDENTIFICATION ZONES
. , !AND DEFENSE AREAS

"- DESIGNATED- BY THE ADMINISTRATOR OF CIVIL AERONAUTICS:•'!• - • IEFFECTIVE[ DEC 1, I19155. r

CENTRAL - IA

isA

'.- -:, .... # •""• ,••

Figure 14-2. Air Defense Identification Zones
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altitude over the last reporting point and the prefixed by "ATC CIEARS"; other traffic con-
ETA at next reporting point; or, if that is ia- trol messages originated by a center are prefixed
practical, report 15 minutes before penetration by "ATC Requests," or, "ATC Advises," as appro-
the time, position and altitude of intended pene- priate. Air Traffic Control normally attempts to
tration. issue a traffic clearance specifying the altitude and

route proposed in the flight plan. However, due
ADIZ Tolerances to traffic conditions, it is frequently necessary

IFR flights within control areas are subject that Air Traffic Control specify an altitude or
ouly to the usual rules as to deviations from course, route different from that requested by the pilot.
altitude, or time schedule. IFR flights outside (See Radfacs for procedures in using the term
control areas and i)VFIR flights must report im- "Via Flight Planned Route.")
mediately any deviations in excess of live minutes It is important that you pay particular at-
front the estimated time of penetration, over a tention to the Air Traffic Clearance and don't as-
reporting point, or take-off within an A1)IZ. No sume that the route and altitude are the same as
altitude deviations are permitted in IT, S. and requested in the flight l)lan. You ought to make a
Alaskan A)IlZ i, except to begin a normal VFR written record of clearances at the time they are
descent within a reasonable distance of (lestina- received, and verify the clearance with Air Traf-
tion, unless prior notice is given to tihe appro- tic Control if any doubt exists. Readingh X the
priate radio facility. Deviations of more than clearance as it is received is an accepted ackiiowl-
!0 miles from the center line of the proposed route edgment.
t20 miles in ('oastal ADIZ) m115t also be reported In case emergency authority is used to deviate
innediately, from provision of afi air traffic clearance, the pilot

in command must notify Air Traffic Control as
AIR TRAFFIC CONTROL soon as possible and, if necegsary, obtain an

amended clearance. In an emergency situation
Air Traffic Control is established to promote which results in deviation from, or non-compliance

the safe, orderly, and expeditious movement of air with, civil oi military air regulations and/or
traffic. It is broken down into Air Route Traffic which requires Air Traflic Control to give priority
Control covering traffic between airports in Con- to fil aircraft, thle pilot of such aircraft must make
trol Areas and Control Zones, Area Traffic Con- ai detailed written report within 24 hours of such
trlin i, specified (Control Area, Approach Con- eniergency situation to hi. immediate superior and
trol handling IFAR arrivals and departures to an(i the commander of the Flight Service Center in
from airlpoits. and Airport Traflic Control which whose area the incident occurred.
handles trattlic inl the vicinity of an airport either

within at Control Area of' at locations not covered Altudes

1y till Air "lnTrafic Control ('enter. The airport Aircraft operating in accordance with IFR

ha udles the only separation control of VER flights. must be flown ft not less thami the Immininriuni safe

IF fgh tl either ARTC or terrain altitude level eslablished for that portion
or preparing to of the route over which the flight is being con-take Co'. io ducted. Minimum safe temritin altitude levels are

shown ii ltadfacs. The estahlishied ininimum safe
TheIA(C fmiiictionl of Air Traffic Control Con- lihlitules are thos.e within the actual limits of the

sists prinIItily of the granting of clearances and civil airways, und 1lFit flights aire not to be con.
amenml ng I liwn as needed. As we have seen, this (ducled fit iol-r altitud'v f/Manl those vperifed iii
dcvle li'tc is lpplovial of till I1 "I II glit phul. 11,' Il'(/faI/ . Altiluides are specifled ill inidicated

A\ .](.I III Iio itlto,!/zes flights within (onl- till itld(d , t lit is, the rendintg on i the altilmeter
tirol'd Riril . 0111V, Noiýiponsihility for epml- iLfter y1M lIVe set In h aionnetric pIessure, cor-

rlOl lollf 4 ircraft outsidie of the:-k areas is ac- reoted to sea level, in, the window of the altimeter.
('.(ptvd. Tllv tidtlic chilearaLce issued by a center is I oweVer, mr (iteiCIh1d altfitdems iiiiy vary consider-
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ably from true altitudes; use higher levels in case be issued to a flight at any time an air traffic con-
of doubts as to temperature and/or barometric troller deems such action necessary to avoid pos-
changes. sible conflict between aircraft en route, landing or

Unless otherwise specified by Air Traffic Con- departing. A flight is ahwaws cleared to a speci-
tf-l, aircraft which chlange to a higher oi- lower fied point or location (radio or visual reporting
altitude while en route should normally begin point), defined as a clearance limit. When an
'liiub or descent immediately after passing the fix aircraft has been cleared to a point other than the

beyond which the n.ew eni route altitude will be designated airport, it is the responsibility of air
used. An exception to this is whein the aircraft traffic control to issue whatever further clearances

are appropriate at least five minutes before the
aircraft arrives at the clearances limit, unless
holding instruction and/or the time which the
pilot. may expect further clearance have been re-
ceived and acknowledged by the pilot.

If a pilot arrives at the clearance limit with-
out having received either a clearance beyond or
holding instructions at such fix, he should immne-
diately request. further clearance and hold at the

clearance limit, maintaining the last assigned al-
is h~in~g fown at an ci route altitude below the titude, until further clearance is received. When

lin: i n||um crossing altitude established for the fix. a clearance limit is a point other than the destina-

li th hii c'i, Iegi n climb b-lefore reaching the fix so tion airport. the altitude of the aircraft at this

•vouI cross the fix ait the established crossing alti. clearance limit will be protected so that separation
" t•rude or ait a higher altitude if specified in an A\ir will exist in case aircraft inust hold, awaiting fur-
'r tfli. Co•,tiro icthg 'atitude. Air Teraffic Control may ther clearance.ri ffy' ('OfIt ci (IC I'l I WC. Ai ade at at An air traffic clearance provides separation
wiht cliwill be other tidan the tine of passing a fix. of aircraft only in weather conditions less than

If Air Trailic Control specifies that. the fix he VFR minimums. In the U. S. it is the direct re-
vrosse(ld tit an iltitude different from the en route sponsibility of the pilot, to avoid other aircraft

lIt itutide I)Lj 1 flown, you must start the climb or when flying in VI-R conditiong even with an IFR
descve it b1)foir. reachintg Ihe fix in order to cross the clearance, or when flying "1,000 feet. on top."

fix lit thlie stiltlihLtCd ,Ithitnl]e. W hen you (10, IC-
piort the cliaingt. APPROACH CONTROL

Clearances Approach (Control is a service whereby speci-

Trliaffic dcitels aire isstied to flights through fled (,AA and military airport control towers
grIlit)tttld-til' vot* lti ,i'ationts fa'iities, sitch as control IF'I flights arriving at, departing froln,
Irlidio-'atige stattions, iair-tfr'Lffic control towers, and operating in the vicinity of airports, by means
ft iglt.•,rvi,' vet t'it .-, air carriers, and military- of direct conimunications withi all aircraft operat-
r ,()Iei, 'tlt lo,, tt .lititt llta. ing under their control. Approach Control is the
( Thi h ift in, thelrllir Colt Illy tt||torile air-olling anthority in a control zone which

(.. i f -fort' ditptirt II- t oritially tiuithoi-izes flight uiilvclssso 'eoioearot n ~
lthlit' poiit of Iiritt iitenilttd lhttlditg.% with iutstrut.- ustially cdIosi.ts of oute or d tuore ttiports and tl

iraft ll tiro 1 Ili it' r t Ittui il l l rtim . If y)o desire Itt flight Iitierts,

,dtluthrhltq;(,rn tOlll, rtlu|.,q t. Y u 'In ge Th lovation., fit whic'h Applroach Control is
bt, li' hl'vilt if you reoquet, amiy altitude ) cliuigs est CstIta5isttl tmre son ill RaUdfacs. Approach coni-

itt l ilno Voil w I I i t he whange, trol towers are respotwsible for p)roviding separa-
l 11tiit.pt.t1hilttittt to Ilhe initial Clealtlite nifty tiot) Jbet.wveent dela'rting aircraft and all other air-

14-9

4.ý4 j-4.



I
ALL-WEATHER FUGHT MANUAL
NAVAER 00-80T-60

craft under their jurisdiction. The clearance to they are directed by ARTC to contact Approach
departing aircraft contains the clearance limit, Control at a specified tinie or at an eln route point.
including altitude, route, and other control. Ap- Approach Control usually issues the approach
proach Control also determines time of take-off, clearance for an instrument approach to an air-
direction of turn, altitude restrictions after take- port, and the app)roach clearance is good for one
off, and other specific restrictions necessary to approach only. This approach may be either a
effect separations from aircraft under its juris- standard range, radar, ILS, or Tacan approach.
diction.

The time of take-off is specified in the ATC Approach Sequence
clearance only if it is necessary to coordinate the Each pilot in the approach sequence is given
departuire with traffic not under approach control advance notice as to the time lie should leave the
jurisdiction. In addition, if a delayed departure holding point on al)l)roach to the airport. When
would result in conflict with traffic not released to he has received tihe time of leaving the holding
tower control, the ART(' ('enter specifies a clear- point, the pilot should leave that point on ap-
auice void time. In that case, the clearance void proach to the airport. When he has received tire
tine determined by tire tower must riot be later time of leaving tire holding point, the pilot should
thanr that issued by the ARTC center. Close co- adjust his flight path to depart as closely as pos-
ordination is essential between approach control sible to tire designated time. On receipt of a fixed
and the ARTC center. After coordination with departure tinie, the pilot should use up the inter.
the tower, a center- may clear arrivals to ]tohl at vening time in holding flight by adjusting his path
vrisual holding points until advised by approach within tie Ilinits of the establlished holding pat-
control. terns so its to arrive over the fix inbound at pre-

cisely the specified time or as soon after that as
possible.

The pilots should maintain communications
.by listening on the approach control frequency
until cleared by the tower's local control fre-
qu(ency. If conditions become VFR during the
approach and it apl)ears that the remainder of the
approach can be conducted in accordance with
VFR, the pilot nray cancel his IFR flight plan by

Limit of Clearance transmitting the following message to Approach('ontrol, "('ANt'EL MY 1FiH FIAGIhT PLAN
An air traffic clearance from an air traffic con- C'o "

trol pinter ordinarily clears aircraft on IFR A 0945."

tlights to a holding point (ILS outer marker, fan Approach Communications
marker. or other radio fix) as the limit of the ATI( Here are tile approach control comunirica-
clearance. (4 enerally. arpprolwiate hohling direc- tions the pilot should make to Approach Control
lions iare included by ART( '; for examplne, instruc- I. Report, wIthout -equest, the tIme aid alti-tiolis to hold( U:NTI'II F[URTI IEIR AI)VISEI 1 Iorwtoteqstieimanat-
tiu t (_ )N I AR(.'I ( AD)VTR()ISEON tlude upon0 reaching the al)proach control holdingBY ( - A PPROACH 'II (ONT point or point to which cleared. For example,

- ) KIIA)(Y(_IE,/ME(GA(,Y(ILES NAVY O)NIE 'lW( TI Il(ElE FOUR, FLAT-

iiry iie included by ART('. This lets tire pilot NAVY ONE TIW AT FOUR TI'LOUSANI)

niow t(r) Whiclh frequency lie will receive further FI"VE tl1II)IREI).
illstruicliolls froni the tower wilevi lie arrives over 2 Repiort, without request, when vacati:
tin rohliing point, and hie listetls on the freluenc'y ary lieviody assigned flight level for a new a> -
.,Ieci lied ii1 t IW ATI'( 'rVih'rl'nie for frirthier direc- signed level. For exaniiple. NAVY SIX FOUR
tions. li lots ih,,uld riot ,onrtat-t Aipproach ('on- NINE TIIRIEE, I.EAVING FOUlR TllOU-
tri 1 un16il over tire sp)etified holding point iriless SAN I).
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3. Report, without request, time of leaving tion higher in the approach sequence. For alter-
any assigned holding point. For example, llnte-airport procedures for jet aircraft, see the
NAVY SEVEN FOUR TIIREE EIGIIT latest OpNav Instruction.
IEAVING MOUN''T VERNON AT FOUR
SE VE N. Methods of Approach

4. Report, on r•q'P,,t. the time of starting We noted before that an approach clearance
proce(dire turn oil final apl)roach. For example. was for one approach which might be either stand-
NAVY SIX TWO ONE SEVEN STARTING ard, radar, I+,S, or Tacan. Shtiidard approaches
PIZ(CEDI)TRE T'URN AT TWO TIIREE. and Tacan approaches are the radio range ap-

5.Jtarrf eotoe it prah proachies shown in the "Pi'lot's Ilandlbook" series.

fix. For examplne, NAVY FOUR SEVEN Radar approaches fall into three categories:
EIGHT NINE, RANGE STATION, ON FI- Ground Controlled Approach (GCA), Air

NAI. Sum'ell~ante or Search Radar (ASR), and6. Report when vistial reference totheground Precision AGproach Radarl (PAR).

is estalblished. For examle, NAVY ONE
EI(GtT FOU'R TW(), GROUND CONTACT. GCA

7. Report, without request, when approach GCA, or Ground Controled Aproach, which
for a landing has been missed aiid request di- is discussed fully in Chapter 21, is a full -flhdged
recti, o or' ciarmnec to ;'lteriate airl)ort. For ex- talk-down control, almost onto the ground ,at the
aiinple. NAVY ONE NINE FIVE ZERO EXE- end of an established runwav. It combines ASR
C:'l'ING MISM;EI) AII'ROA('H PRO(CE- and PAR radar as its controlling elements. Most
Dl)RE. REQUEST C L E A R A N C E TO airports which have any radar landing aids are

------------- .equipped with GCA. Air Force GCA units take
pover at a specific radar fix fronm Air Traffic Con-

Approach trol. Navy and CAA GCA units may take over
If lanling is not completed after one stand- control at any point designated in A'C clearances

ard inst ruimient applroach, thi pilot shloi(ld follow or by local traffic authority. Full information on
the stan dard 1mis-ed approach pro~edure (out- frequencies, radar fixes (at Air Force Bases), in-
lined it the "I'ilt's h, ndbook") unless an alter- dicated altitude of flight miniinums above MSL.

Sate missed approch p rocedure is specified by air ceiling and visibility minimums, runways used,
traf'fic .ontrol and furlther clearalce is olbtained and hours of operation are- found in Radfafs under
from airi traffic c(ontrol. Air traftic control de- the heading of Radar Air Traffic Control (RATC)
tt-rmim es wl lthe, 'I,,. nilit will be cleared for ,,- Facilities.
Other immediate attempt or be directed to stand The altitude minimumis are simple to use.

Svoil a designated leg of the ran ge at an assigied Andrews AFII. for example, has an elevation of
altitude util amnother aircraft in line has landed 379 feet, so a properly set altimeter in an aircraft
or taken oifl. This decision is based on existing o(l the Imuiiway should read 379. Thl GC'A alti-
triin' v'a ititi ,l les"1 there is till e1eige Cy t'lde'niniums (from Ralfacs) ar(:
t rtllic unmdit 11il. Runway 1: altit unde ,51P feet, and ceiling 250

A dlecisio n t o t ,i te an aircraft t lit t o alterh kt.e feet. (nd othein wol6( is, feet. ( Agmiuiliel aii I llows fil
airp)ort Is Ilm~le bly the( p~ilot after Conferring with being 100 feet b)elow ceiling miod 150 feet off the
thev air tratlli' cotrOllol co<,nt't, rl)t1d. The mini mumjlll (leek.)
(.vilings ald vi,,ibility r'ilitil-vilnelits f<ol' 1l1All'lllllel[ ]Runways 1. i). fill( :12, PPI only: all ini h'S79

+' alitqproll'le'• arc listedI ill the "Ililot Hanldlbook." feet andl ceiling 000( feet. (Agatil, the mili 1 ,,11M

_Whe' 1 we v iathn is below 0we l;.iiliig ai imiutnil an(l altitmudc is 11)0 feet lbelow the ceiling and 5;1)0 feet
"ihde philot ele'ts to holhi for at i r 'ill ov meilt ill off the deck.)
Sweattlor rather thain impro'eed to the alternate air- Thus you should not go below alni indlicated
_)ol'l. till- If'lli'ic co litito 11111Y direct the llircraft to altitlde of 529 onl l liwaLY I or i70 o0l othleri rlll-
.I~locee(I to till Iljd i'ie holhing po1 iu t 01. t,, it lp -i- ways it Andlrews AI"II without being able to con-
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trol flight by visual contact with the ground. unless tial PI'I scopes. Either the ASR or PAR may be

you do so on your own responsibility. However, provided where full GCA facilities do not exist.
these illillilnltlwis do not inean that the GCA unit.
ceases to Iolollitor aindli advise the pilot below them.

A GCA Approach should be requested in ad- It takes one hour's notice to alert ASR facil-
vance--usnaliy about 30 minutes-in order to ities when they are inoperative, so request this aid

allow for the time necessary to get the crew ready early. Of course, during IFR conditions the ASR
and the equipment warmed up and properly will usually be in service already to provide air

loaded. GCA facilities operate under the. jiuris- traffi rnonitorin~g assistance to Approach Control.
diction of Approach Control. They assist Ap- ASR mininiinuis are the same as radio iange or
proach Control by monitoring the control zone ADF minimums unless otherwise shown in
during IFR conditions to heip prevent collisions, Iladfacs Radar Data pages. ASR provides
and they also help Approach Control keepl "tabs" aiinuth atld range only. so it can only direct the
ol the flights in the zone. pilot to a position off the end of the runway(s)

A (CA urit consists of ASR (Air Surveil- s'erviced. The pilot must control his own altitude
lance o' Searlchl Radar) and I'AR (P'recision Ap. and rate of descent.
preoach RAI)AR). ASI, gives the azimuth (bear-
ing) alI r1.1111e of an aircraft on a PPI scope, PAR

whilI PAR gives range, aziniuth, and altitude P"Ai equiplment is not normally found with-
% Nwithin a glide path lthrough use of expanded par- out ASR. In those rare cases where it operates

011MGTA AFB

OFF~rTMIDDLETOWN, PA.
HAMILTON AFS AFB WRIOHT.PArtERSON AFI WHITNEY 4-4681SA RAAL CAIF DAYTON, OHIO

GEWO 241LOWRY AFl5 FAIRSORN 691ANDREWS AFR
DENVER, COLO.

DEXTER 334

MARCH1 AFS LEGEND '

S"'.M AXWOELL , A L. a" FLIGHT SERVICE CENTEROVERTOMARY ALA.2
-CASWELL AFI MONTGOMERY LA-. FLIGHT _SRVICE CJEN

PORT WORTH, TEX,

PERSHIG 7231MacDIU API

Figure 14-3. Flight service areas and centers •gg2
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alone, the pilot must navigate by ADF, Tacan, Plan 62 or" Military Flight Service. Today, there
SOmm, or other means so as to get into tile PAR is a teletype and/or interphone circuit to practical-

scan area (20' azimuth. 70 elevation, within 10 ly e% ery military airfield in the United States plus
miles range from the downwind end of the runway those civilian fields which have National Guard or
serviced). The 7° elevation imeans that the alti- Naval Research Units based aboard. The vast
tude of the aircraft at the 10-mile point must be communications network of ('AA is connected to
less than about 6,000 feet above the terrai~n to be this military network.
detected by PAR equipment. When you file a flight plan at your local opera-
ILS tion, you and your aircraft immediately become

a part of this comprehensive work of communica-
ILS (Instrument Landing System) ap- tion facilities that make ui) Airways. In Radfacs,

proaches are discussed in greater detail in Chapter the Flight Service Area boundaries and Flight22. They are mentioned here only as another of Service Centers are showit on the center-spread
tile types of approach handled-by Approach Con- chart. The addresses and phone numbers are in
trol. The request for ILS approach should be a box in a corner of the chart.
made at the last reporting point, before arriving If your flight is VFR, the Flight Services
at the holding fix. However. a request may also communications network passes word ahead of
be made later when conditions require. you; if you fail to report, it sets tip a lost-lulane

ILS approach requires ATC clearance under procedure. If they cannot locate your aircraft
IFR conditions. Information concerning facili- after checking at your destination and along the
ties, frequencies, marker locations, and altitude route, air-rescue operations are instituted. It is
nminimums are found in Radfacs. Further especially important, therefore, to close your VFR
data and charts are found in ILS editions of H. 0. flight plan (that is, report your arrival), using the
510 and the "Pilot's Handbooks." following procedures as set forth in ACL 28-50.

FLIGHT SERVICES vWsuol alight

Departure from mil;tary inAtallation8 whichSo far as the Navy is concerned, Flight Serv- hare Plan 62 eommnunicationA. File Flight Plans
ices of Plami 62 is an auxiliary service which per- with the appropriate Flight Service Center by sta-
forms three functions: tion operations in accordance with current instruc-

1. Operates a communication service between tions.
military air facilities and with ARTC. Departure from fleldR not included in Plan

2. Accepts VFR flight plans and follows the 62. File a flight plan with the nearest Flight Ser-
flight through position reports and closing (ar- vice Center through (1) a CAA facility if avail-
rival) report to be sure flight is proceeding nor- able or (2) long-distance telephone collect to a
mally. Also handles changes of flight plan VIR, I
to or from IFR. Military Flight Service Center or to the CAA fa-

3. Provides pre-flight. briefing services to cility. Before using long-distance telephone, make
pilots charing from bases where no operations s.re that no CAA communications agency is avail-

briefing facilities are provided (by phone). ab)le and no Flight Service interl)hone connection
is located on the field. However, you may take

Development of Flight Services off muder VF]{ anid file a flight plan while in the
The end of World War II saw a great increase air as soon as you ,.all ,ontact a CAA conmtrlunicn-

im military aircraft. flying, as comparedi with tlhe, t6ios station, Ia nnilitar airways station, or a nIili-
(lays of 1930 to 11)41. 'Tie year 194(0 found imtV tar" tower. 'Ihis is usually easier.
Naval Air Stations andit Air Force Bases comiected ('hange of TFR F?/ght plan in fliqht. A pilot
together in It communication network that wi ith a desiriig a change (of route or point of first intended
bit of polishing uIp could act as a Flight Watch Inioling of ii lt flight l)lail must advise Flight
, Sirvice. ]lm 1946 it %%is decided to put into ij h,,t Si.vice oif the imtelil(h-d (h.1.lmage lit the fil'St prac-
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ticable opportunity by contacting a military air- along the route of the flight below 15,200 feet.
w;tysstiitiofloraCAAconimniuicationisstation. A Flights above 15,200 feet make position reports-
change to IFR is discussed later. over all compulsory reporting points except those

VFR? po.qition rports. When flying under at which the symbol O is currently shown,
VFR conditions, you must make position reports Flights of reciprocating-engine and turboprop

- once each hour or 200 miles, whichever is oftener: aircraft flying IFR-Airways "1,000 on top"
to a CAA or military communication station. must report, regardless of actual altitude,

only over those fixes that are high altitude (above
instrument Flightand DYFRFlight ~15,00 feet) compulsory reporting points unless

)cbpartiur" '.from military in.stallations which additional reports are r-equired b*y ATC. Position
have Plan 0;2 communications. Flight Plans are reports of IFR-I)irect flights of reciprocating-
filed with CAA Air Traffic Control (ATC) and engine and turboprop aircraft follow the same
the appropriate Flight Service Center by station rules as those for jet aircraft, as described above.
operations. Clearance is obtained from ARTC in IFR-Direct flights of reciprocating-engine or
accordance with current instructions before take- turboprop aircraft proceeding "1,(00 on top" on a
off. direct route, regardless of actual altitude must

Departiire from field.s not included in Plan 62. report over each reporting point specified in tCe
If the point of departure has a CAA communi- flight plan (approximately 200 nautical miles
cations station, file youir Flight Plan with ARTC apart) unless additional reports are required by
and Flight Service through the ('AA station. ATC.
Obtain your ARTC clearance before take-off. If
no CAA or Plan 62 communications are available, Arrival Action
you maust reach a CAA communications statien or Closing of Flight Plans on military installa-
military base by telephone. tions. Flight plans are closed by station opera-

('hayige of IFR flight plan, or l'FR to IFR, tions in accordance with current instructions. In
or. IFR to T'FR in flight. Obtain clearance for this connection, pilots are responsible for notify-
change of IFR Flight Plan, or VFR to IFR from ing operations that the Flight Plans are closed.
ARW through a CAA station. Advise ARTC Turning in the copy of Clearance Form DD-17i
when von change a Flight Plan from IFR to VFR closes that Flight Plan.
and shall also request that Flight. Service be ('losing of Flight Plans fram non-military
notified of the change. If you change to DVFR, fields. You are -responsible for notifying Flight
file the Flight Plan through ART'r. Service of the time and place of your arrival and

ZFR position rjl'OrtS. Pilots of jet aircraft EON. Inform the nearest Flight Service ('enter
flying IFR-I)irect or Airways flights maintain by notifying CAA radio after landing through a
listening watch on CAA frequency and before visit or phone call. If no CAA radio facilities
changing to another frequency notify CAA of the exist, close the Flight Plan by radio to CAA in
change. Make position report.- at least every 200 flight, rejuesting that ARTc (if IFR) or Flight
nautical miles and as reuluested by AT" regardless Services (if VFR) be notified. Where a station
of altituide. These reporting points are listedl in has no CAA radio facilities and the aii-ground
the flight plan and they should be those over which call was impracticable, phone the nearest Flight
the position of the aircraft can be acc(-urately die- Services ('enter collect as a last resort.
termined. When pra'tiicRal, slect as reporting
points fixes which tire shown as comipulsory re- Designation of Fields

l)(,rting point.t in Rad fac-s. Pilots of recii1)o- It is imlportaat to k mow the field c'lassifica-
eating-engine or tuirlnorop aircraft on IFR-Air- tion before landing. For i\ ,.Oml e, some civil air-
ways flights inust al.o maintain listening watch ports are knownii as "P" fiehlds iand their use is ,)er-
on CAA. frequency anti notify CAA if a change is mitted to transient military aircraft: othe-,s ,ie
made to another frequency. T'heir posit ion report, "I'C" fields 111md are the saIII& exceplt they have Ik
are 11mautu ov,.r all compulsory reporting points ('AA coimmuxuiuicatioars facilities: still others are Vt
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clos-d to some operations. Check the D)irectory of
Aerodromes in Radfacs as to facilities of your
destination and alternate.

Advisories

An advisory is a message issued by Flight
Service to a pilot or to operations personnel con-
cerning any factor that. might affect the successful
completion of a flight or proposed flight.

Contents of advisorie&. Ail advisory is issued
when the following conditions exist or are fore- tries. If aviation was to progress, it became obvi-
cast: ous that some standardization was necessary.

1. Weather conditions are below the minininimm Because most American air travel has been sparked
for the type of flight contemplated. by U. S. companies or U. S. citizens employed by

2. Hlazardous conditions exist en route, such foreign airlines to establish a system, the ICAO
as icing, thunderstorm activity, line squalls, tur- procedures show a great deal of similarity to
bulence, or any other conditions affecting the safe U S. airways procedures.
completion of the flight. Natio'al pride and tradition, however, have

3. There is an air traffic delay. caused much refusal to compromise on standard
4. There is a serious error in the estimated procedures. Not all this reluctance has been with

elapsed time fuel supply. other nations; for example, ICAO settled on the
5. A radio aid to air navigation along route metric system for most units of measure (altitude,

of flight has failed. land distances, barometric pressures and altimeter
6. The destination or alternate is closed, re- settings, temperature, and weight), but the U. S.

stricted, or in a hazardous condition, has not seen fit to conform. We did convert fully
How zdvisories are isued. An "in flight, ad- to nautical miles and knots for most. flight and

visory" is delivered through military air ground weather purposes, except for visibility reports in
stations, or CAA control towers and radio range the U. S. Our continued use of local standard
stations, time instead of Greenwich time for domestic avia-

Request for advisory. You may contact tion is another procedure in which we are in the
Flight Service through any military control tower minority. In short, further change may be antici-
or a radio range station, and request an advisory pated. More nations will adopt ICAO standards,
regarding weather or other flight information and U. S. standards may be adapted to conform to
affecting safety of flight. ICAO agreements.

The following paragraphs describe some of
I CAO PROCEDURES the principal differences between ICAO procedures

mnd domestic procedures for control of air traffic.
The International Civil Aviation Organiza- IHowever, space will not permit a complete discus-

tion, generally known as ICAO, has done a great sion of all ICAO procedures, and not all the points
deal to promote standardized procedures for air of difference can be covered. Furthermore, ICAO
traffic control, flight procedures, communication procedures, like all flight procedures, are subject
procedures, and units of measurement. In the to change from time to time. Therefore, do not
past, international airline operations were seri- consider this information as authoritative for
ously hampered by language problems; changes flight p)lanning. Before undertaking an interna-
iII airways procedures, terminology, and units of tioeal flight, read lRadfacs" and the Inst wment
measure at every international border; lack of air- Approach Procedure (Charts- booklet for the for-
ways facilities in some nations; different fre- eign areas involved, and read the ICAO procedure
quoncies and communication procedures at every sections of the Supplementary Flight Information
border; and restrictive legislation in somie coun- I)oc'ument. III addition, you should arrange for
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a Ilonger anld inore detailed Ipre-flight briefifig h(ht .vcoiidarv. iud alterliate frequencies for radio-
for iltiest it flights. ACsk quesiois if these sources telephoiy oimmunications. and reporting slied-

lih n•nt ,:0ide ally itueii Clear to Vol. Ides tot t, ai 1rraft St ut ion. If a freq ncy wvselected
fer ae :1ir-to-rolid control ritdio station of, bo

General Information I'li

)1'N \ I ut d~e j~m '~7o.IA, pragrah 4, et. ii nl~elellaifltya sttonlpovetod i bea inlstance

I(CAO liiti lre|'by apply ol the opien spais ir btle f dr comio caii tion, tile aSrtraft should sug-
intereha(tional civil aviati Oln operations, hnl: are ( iest nil :iltp l olftte f'Q("l t deo.
niodified ill it ev country -which may have alccepted hhIft it is neiessatry for ntiltrii raft to send
sull'h procediref t sabject to m ndifigation. An inter- radio signals for test in which aree likely t o inter-

i l it t io flt l fl ig h t f r , ,e th e i' . S ., f o r e x a m p le r e - f epe \v i t h t l ht- o l k i n g o f a ie hvleie.e a p ep r o v e d rti -
quties the I tAe 'htaltales for tili ternatiorial air station, the consent (if the station must t 1, ob-

portion of the route, and ATC clearanice for the t"Qi"ed before are.lh sigluls fre selt. l'est signals

1.o||esti" portion of the route. While still in IT.., n uist not continue for more than 10 s.cotndP and
thisll flightthapprfolo-w the WsAGal domestic pro- must 6ite Comte osd of it sories of V's i o radio-

ceh (les tlegreorlc, orlof spoken numeonal.s (ie,twthree,
)I'NAV l|,ltructiln 377o.lA, par'lrraph 4, oiC.) ill rgdiotlelhony, followed oi each inartance

dtlict, -leliplmdce by Navt units with ('A( pro by tle radio C'all sign of the station transmittiing

(' • Ai•rhium•lh ('Ao( rules and proce(res test signals.
are hi|ldi|g Oil interamtional vivil aviation only, it The ,roup, of the "Qi" Code ti be usd by air-

hl - mite lvr ed t lh a l 1v i l iti r taii c -(.I,:tficat io hn ve toitft I c.llhactili 10.(' stthtiel are those hav-
(lite regard for the safety oft iol'iatioll of Civil inýz A-N it the second letter: those groups havinn
aircraft : thievrefr, Opth llowion,, olro 's p- It-1 is the second letter have been approved for

.1v-ftherefore, the ulfiilv all, prceurefghs anp-m~A~

ply whenl ". ,'. MilituryN . ,i|'craft are uperatilig list- bY 1,!'1' (Inte~rmitional "Teleconninineat ion

Pitside C he m unc ited States over international air nio). Thiese sign)ls wellas(westc the cod. pli-
-l' lt 4: i hleilt||' i ' ioltps for Ilse o (4t! stigjljs lil ".ait

I. uiea:ce for rouitine flit se- 5l'lli((. i lii iotluis listruetiontio" .TANAiP 131A,

u'it'ed froi the t ppropriate Ii AO AiriTraffic (on- published by the iJoint Communications Board,
trol (enter mid applicable ItAO trafi'c rules iand 'airhington 25, Di C.
1p'ocedures inust be c'omplied with.

S'2, ('leuara'e for special tissions requiringt a •

S~~~fixed of- in-ving bhxwk of airspace during a specific "._._
S~ ti|ie period has to be secured front the appropriatte

"- ] ('.\().k Air 1'rdtlic (Cont rol Ceunter concerned.
I. lhell illissions a•,e of silch it hi,,..,ly classi-

fic.(l llatiln, that ally' a|dval|i.e notifica•tion to tile
l(C.\( Air 'l'raflic C'ontrol ('enter w\ou~ld be prej-

udicial to thie l ln tio ll s eI n ririi ,l, i i i i (otififation 1iis
Iipj. ]lo\\ever, operational Commanders lre .,[brei4hitian.v approved for lisp in air-round
rTlq~irit,,1 Ill klilt.\ Cl lF arfullly all sulchi flialhts and r'omntlti t'iations are c'ontainecd A('P 124 (A),
to weigh the lived for Security versuls sarety of C'omm|unicattion| Instructions R it d io-telegr.'ld

Ili~~zl~t. OV\-,T) Pr'ocedures Qtv:ýtric'ttd) and in .\('IP

Communcatio s Sta dards125 (A) ('oninnini 'atioll I lst ructMiol l{|dio-tele-
ComuniatonsStndadsphollo' {IZ/T"I ]Proce.dure.s (Ih, stric'ted) 111e

(;r•.'V ,i' l , c h :Niv "Il ' 1 ,11 1ý- l,-td I)y ai ,ll t|:i lns fiiljl' fj~jjl-hp 1, j'e ;1izlpolt dc.-lgl~ ll,ý~zo' ar- i I thiee

'l' 11,1--grollild ('•witi-ol rad~io Station; .-. lects tile
frtqu.••.i.- I b u•t'l mdt rh~zz l •(m ith~z., l3" Communicaticni Failure

ltitl-urnft op~rlt tili, illidl .lt-l" it w• ltrl']. 'I'}lle 1111- \\'}'le :mn airctraft sttl iionli Is |tinit le to estab-
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"2. Land as soon as 1l acticable ill accordanlice
with VFR- or-

3. Proceed strictly accordii•g to the current
flight plan, maintaining the minininlim safe alti-
tude or the last acknowledged assigned altitude,
whichever is higher, to the airport of intei ded
landing. There he shouild commence de.ceut at
expected approach time last received and acknowl-
edged, if any, or commence descent at the esti-
mated time of arrival specified in the Flight Plan.

n11(st transmit reliol'ts at the scheduled times or To preclude further notification to Search and
lositions, on the frequency in use, preceded by Rescue Organizations, aircraft encountering coMn-
the plhrase, "transmitting blind." The aircraft munications failure in one area and reestablishing
transmits its intended message and follows it with communication with another control area should
a coml)lete repetition. 1)DrinM this procedure, tile notify the ATCC of the area in which contact was
aircraft must also advise the time of its next in- lost.
tended transmission.

Radiotelephony procedures ill effect t)ovide RadiotelephonyProcedures
that, when the aircraft calls the air-ground con- When words Or initials are spelled out in radio-
trol station on the priniary radiotelephone fre- telephony, thi ICAO l)honetic alphal)et as pub-
queiicy and receives no answer within one minute, lished in Radfacs should be used. Numbers are
it should cali again. If there is no response to pronounced as given in Radfacs. All numbers
the second call e:xcept whole thousands should be transmitted by

1. Call the primary stat ion twice at 15-second pronouncing each digit separatedly. The word
intervals on the secondary frequency. THOUSAND should be l)ronounced as TOU-

"2. At 15-second intervals, call ainy standby SAND. For example, the number 10 is spoken
station twice on the primary frequency and, if as WUN-ZE-RO, 25.000 us TOO FIFE TOU-
necessary, on the secondary frequency. SAND and 38143 are TREE AIT WUN FOW-er

3. Broadcast the message in the blind to ALL TREE. For numbers containing a decimal point,
STATIONS on the primary frequency. the word DE-CI-MAL must be used; for example.

4. Broadcast the message il the blind to ALI, the number 118.1 would be spoken as WUN WUN
ST.TIONS on the secondary frequency. AIT DAY-SEE-MAY WITN.

5. Continue attempts to establish contact with
the net work trying all stations and all appropri-
ate frequencies. Before leaving the assigned pri- All messages submitted to or by aircraft must
mary and secondary frequencies, the aircraft he in the following categories and order of
should announce the frequency to which it is priority:
shifting. 1. Ditre, me,-agye., (, oid di.,tr-es. tra.ic.

6. On oceaiic routes where ocean station yes- Distress messages are preceded by a l)riority prefix
sels are located, attempt coatact with these vessels MAY I)AY (radiotelephony) or SOS (radio-tele-
on the ,llrolr(priate fre( llpciep. graph). These are used when an aircraft is

7. Monitor VIIIF" 121.i nics for calls from threatened bY grave and immediate danger anid
nearby ir rcraft ld atlcliimpt coldtact with ot(lic requires ilume'lute as.istan('c. Distres.s traffic
aircraft on til.is frequency, coin priseC all messages relative to the inimediate

If lilabh, to) li ilita!i] lv,,-m (y radl(, Colo- lo,Isital't, it,(uirt' Ivi a il aircraft M~ dustre~ss.

nillictiva ., the 1)ilot in commauI of an ai'lcraft 2. ,1' •.cii,,// , aqx,. Urgentcy iisgvgt.,,,

Ilit-- which Illie p,'evedeC(l I. three rel)etitions of the ex-
I. ('ololliht hii• flight s, i: to 1lY ill V\I; lpiissi(ill PA N ( r-l:iiteleplhaiiy ) or the ,.roup

%tacitller coulditiiowl: Ir1- XXX (ar:liitelcgalh3) lit used to iniliiali that
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the ail (ci ft cilling hlls a very urgent mless.age to teilallce of facilities ,Ssential for the safely or

tiransillit vom-erning the safety of a ship, aircraft regularity of aircraft operation.
-0r other ve hic.le, or of somne person on board or

w.ithlin sighit. Composition of R/T Messages

:1. Salcfit!; mex'.'yaflf'.. Safety comimutllicat ions Aircraft are idenitified by tile tive-[ettvi. radio-

atre precededl 1) three repetitions of the ex[pri-ssion tele,,_ralph call sign: or it Coll~itmltion of Charlie-
SECiIH[fP (radlot elephoy) or thii group 'TT ters corresponding to official registrat ion mark ; or

addressed either to one the five-letter radiotelegraph sign preceded by the

or more specific stations or to ALL STATI'IONS. radiotelelphone abbreviat ions of the airline (after
These message-s iare iused wl'A en a statioiltihas ,t Ies- conti 1ication is established using this call sign,

tl'aisillt t'olitrl'l~ilg the .aflty of iln ahridged call sign ,nay be used consist ing of

tioll o,:giving import at meteorological warnings diotelel)hione abbh.evitiois of airlie ani last
4 o;t.tmu iicath s , to dircction tfl d- wo tw 11lll:ta'ters Of call sign) or radioteleplhonleC I1)-

ing. A ircraft shiould normallyaI muake request for brevihi tion or airline followed by flight identifica-

btelt'i gs, .ivdinl-s, or 1'os-itiohs, to tile acrollai lti- tlll lllllll for eXa ilde. M ATS N'lN-er ZF-RO
cal ground itation ren.nible or to the station ;''EE VOW-er. Radiotelephdone call signs are

onttrollin• the direction finding network. To re- not chainigd dur1iiing flight.

Iueta hearing, heading, or position, ciall this sta- Messages originated in ali aircraft that re-

floun on the li.,tening frtequentcy and specify the h'itire it sptecific address and re!transnmission over

typew of survive that is desired by the ise of tile. i)- th e .Aeronautical Fixed Service mtitst include tile

p ropriate phira.se or Q signt:I i set .J.ANA P 13 1 following elements ii the order shownI. Addresses
(.A)). must be placed with a KAO 4-letter place name

5. Flight Safety Mrem.age.. T"lhes have tile designation or via such place

priority prefix FF and comprise the following: 1. The call.

t. Air traffic control utessages. 2. The address (precedd by the w o r d

b. Position reports front aircraft. "FOR").
c. Me,;sages originated by an aircraft oper- 3. The text.

atilig agpI - Ir by an aircraft of immediate con- 4. The signature group (if used).
t~rn to tiut .. cra ft in flight. Example:(1. ,eto orologiral IMeig ayeh . T'lhese have tile Santa Maria Radio this is MATS NIN-er
priority prefix FF and comprise meteorological ZE-RO TREE FOW-er (c0l)

information to or from aircraft. for MATS Operations, Lajes Field,

7. l"/ig/ht Reyuilai-ity ,lfewsarle. These have Azores (addl•es)

the priority prefix JTJ anl collpris•, the following: Nnllutulr Wli Fnginie Chanige Requliied ott
ia. Messages concerning chtanges in aircraft Arrival Over (text)

op1eratiglg schedules. When nessages do not require a specific ad-

b . Menisages concerili tg the servicing of air- dress, the call serves to indicate the station of

cruft. origin and the station of destinat ion:

c. Inlstruction0s to aircraft operatitng agency Exaiple
rlIewseiltlttives ,oli'erillg 'h1tliges in require- Santn Maria Radio this is .MATk NIN-er

ments for I."lsel't~es and crew caused by ualavoid- ZE-RO TREE FOW-er (call)

able deviations front nornial operating schedules. May I Change front THEE to FIFE
Individual req uir, imeits of passigger.-s or crew Megacycles (text)

S..are not admissible in this type of message. The text of messages shoulid be as short ai
d, Messages 'riotlerlinig lio,-rou tint lanldings practticable to convey the itcessiry intelligence;

"to Im, m ii-i bv thl airiirraft. fill lisp sholilh[ be it e of stiaiida-'d pltiA.'.e lh0giVs

e. Mest'siges concerning aircraft hurts and ina- wherever these are pre.-cr'ibed .in the relevailt
tet'hts ilurgeitly re(qired. I('A() (ocumnients or rovp('tltres. Wllhell u.sed, tie

Nf. Nlga.Ls ,, r'.g:ltrlljg Ilj, ol•rji'itt olt or nalui- signatiul'te should be the abbreviated naltli (if the
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organization which originated the message, or an 4. The last position reporting before passing
abbreviation representing a department or divi- from one flight information region or control area
sion of the organization, or the last name of an to an adjacent flight information region or con-
individual. trol area should also be transmitted to the center

for the region or control area that the aircraft is
Position Reporting entering.

The ICAO Procedure C' iart contained in the 5. If the receipt of position reports is desired
supplementary Flight Inforrmation Document fur- by the activity clearing the aircraft for the flight,
nishes a visual guide with regard to position re- major command, etc., position reports must in-
porting requirements in the ICAO Regions. The elude such operational addresses.
"general reqnirenients for position reporting are as 6. Position reports are to be made to Ocean
follows: Station Ves.sels within less than 100 miles of track.

1. On routes having specified reporting points
(s;hown in Radfacs) and when over other report-

ing points as may be specified by air traffic control. The altimeter setting of 29.92 is used in over-
"2. On routtes or portions of routes not having water areas iOn) nautical uiles from land; when

specified reporting points, position reports should within 100 nautical miles from land, use the altim-
be made as soon as practical after the first half eter setting furnished by the closest aeronautical
hour of flight and each hour of flight thereafter, radio station.
except that additional p)osition reports may be re-
quired on portions of routes when operating con- Units of Measurement

ditions warrant. Dlimensional unit,- used for voice communica-
3. Position reports should be addressed to Air tion by U. S. Military aircraft are prescribed by

Traffic Control Center of the area concerned. the country over which the flight is conducted.
When necessary, due to transmitting difficulties, The two tables of dimensional units now in effect
reports may be sent to any ICAO Communications (ICAO and Blue Tables of Units) are shown on
stations but must in all cases be addressed to the the reverse side of the ICAO Procedure Chart,
ATCC of the area in which the aircraft is operat- together with a list of states using each table, and
ing. any deviations thereto.
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LF/MF RADIO RANGES AND VAR RANGES

T It ERE are fo-ur t%~ ,esof radio iatnges: navigation aid with similar characteristics, 'acan,
]. L"'MF lRadio range, Loop type. This is is discussed in Chapter 7.

tlt, origin~il tyvpe. The low and meditim frequency ranges (typess
2. LV,'/MP Radio ringe, Adcock ty!pe. 'Ihis 1 and 2 above) are much more commoa than the

type of range is an improvement on the ILoop V'AR ringes. The ,(o)op and Adcock types are

ringe. about equally numerous. They Comiprise the radio(
\A V oz \ i, si.l ,ii A l l'anlge. Thib is Va 'lllrge network whi'ch fornied the original balisI'Al or und angp Thi., i it for out. airways systeml

V 11-* faoi litvy. oomblinillg viitind signals (blue or
y'llow ý,vtor) a11d audible ("A" or "N") signals. ADVANTAGES AND DISADVAN-
It feiture• ss•t, tie'-frev icep)tion but is limited to
lifi-,f-.ight. VAII. ranges are not widhely TAGES OF PRESENT SYSTEM
iIIttll(lvd. lh, )I'present I F"M F' nltlge H &11ii I t., both

4. VOR or Vistial (iiilil'rge. 'l, is gives 110 allv llitiLg .s ii1( (iisa(lLIItntlg,.s. TI , l('VIltlit•lag s

kitldilble!.1gIliLl b)it jirfillith ((ollil.s or rldials NVli(h inclhide:
('.I I jicti i t Ilie(d vi•suallv. 'ITlhis 'slVtulm is dik- 1. The.Ie sYstem is federally oilrated alid it'
cu.i-s e( P (it C ter 11). A n,,wer typ)e of radijo, availlble to) all users.
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2. It I., iii (I)Pilllli llit ~l ~ tiftiiiC t uoi igoI uu it x liixd for

3. A lauig& 111ilhlilt of p~i~lotfi '11 coil il l(' smi, ~~ile' huomini g ky~ diit-ct on filiiliiig elfilipilviwii '[')I

stat ion. other fitrequoiicv is dirmio'v jitl to friiii the( riiiii.v

4. I'Wol d i (Ircion of hiish~ (,hl 'Jllt 1w lote oni le'gs. III thisi rt~giiiiI th i xIIliltlfuiiii'(l.lol , rOIIJI I .II~

Mticli(fvmciiltlc wihiiosi pro 4)JlcIigett'N l only C di lh' 15 I lict . ilIl lilt-l I oN lisiv MlI V'

VdIu (Ie . of 111iI('hiliiL ulsed. 0tlk' lilt' siiiglt fl-i''ivui'ivY 1Y w
I'hip hlistilbinfo11ri'x iip'iiiilP of loop1 riOligv shoulld Inot bo' lisvt' for' di iliction flind.

2. 'fh (il'tvti()i of lit, cois~ is 11(4 t'olI nil l(Mij) roiinges uIi( lit good for D1,` IpuirloM4s.

tr l e. YI llt' pil' io't . ii Thiiivory and C.onstruction

Ilig t ttro~. 1111tild, Ivilll." filsi.voil, vc.f loopl wifliiii is co'i il dviict to bp iglt% ciigh'

C4..OfitASS l,%, I ,FiCA''If OF (ilv/lt. l ill w'ir'e, ttIt''tt l ~''t wnJýhiil lolt ngti (im tif(l

;,. OIl-rt* i l l F 1 iltu%, igi'" loltl ''iu. fl p'' is~l tli' uu h u l t'l o Iixt llnti',%ir, (si''' loopit iu'' fl-'l?.
G.i' i 0il1ttlhhilol 1iiid (lici llIiWi al !v ulw-ois'. '1Is i s th I l uoui s t-I f w 1 w ri oplih,'Fiii igt' iitiilil lo,10 111

7. lu imm. fy i ti.r -' %:ivijii oii 1k' llow Iftp o Iiq it Itipvn -i'iug '. % titfl '01, v inIoo1 u ihittuulix ll t' o

.g liI., twreoftyi't oif lv ~i 'eqoeio'y111111 1 i let)I t 11. lobtO'I1l u t-1111high fromigh'x to itivl pole,'. s ()of loou
til N-!4 Ill I ofudliiv loop.jil flit'( N Mig'ii. ti-A. () x hpifo''IijinO

~, Ault'u~ck ulilgt' (A).I fi twoi si v o ix'll'u loop Idlt'i pliefId ixIli r iig t eiliti.

Antenna ClassificationSinlTassio

I! lt lii' ~lrif I ,( rungjil~ t' l' il ftlk' II1i S f O llitjpla l i, tli ll oliM lit-II SII(

Ill I lim r Io( ll-...uuflll ofldvli Illei IN sglti %votd is t~r-or!h-o i

(U) "'o aii 11.Ii-Nw l-iii:Iwo'' i o~ rm mimfi-Asg

". Aiciwk ringe ( ). IIIIlill IM 0111NII N .tYihll i-h Sll!A IH VIII

Powe Clasiicl

'Iii 11 Ii' i o ll -( 'l f lv N lt o lp i.

I ~ ~ ~ ~ ~ fj liind'~iiii~, Jt fi' liti , t ho. f'vpli vyi ou',a1e n

ifam5w " . 1,. n c p
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s.ignal, wich con)i.ts of tiret, letters in Morse
•llli ,ode, is tr',in.imitted first oil, the IN Inlleilnaf, then

oil (lie A inteia, 'I'lite trasisniission of each identi-
fivittion signal taikes froin 3 to 4 seconds, making a
total of 36 to 3S seconds for one complete signal
cycle.

THE ADCOCK RANGE

Expel'ien'v with the loop range proves it has
1iih1ee serioox shotu'•h ligs: (1) the horizontal
co'lmllenlt'lof flt,fh' allitt-1111 c'an clitise night effect;

Figure 15-2, Radiation pattern of double-loop (:2) sillltlihllt.olus voiv'e a(nd rtinge transmissioris

antenna ILaria not fcasible; 111d (3) no constant carrier wave
is proh iced, redutcing the ltility of loop range sta-

tiolis for Ill.l io directiolt finding eC(1 1ipmlnpilt. T'o
ovt'ercmeit'- he.' dvlit'tic'iý,o of the loop raniginig. the

T'lilt sigti1illIII I' ll lri lliittell s ihlitlaieolsly and Ad •ock iliill(m ntl wits developed.

it.1( 1'llibfllIL 6114) *o Sillull %,)u 'eveive at a,,y giveti Construction and Operation
+P-1)(1 (1. -lt ' sll olll, y i. l l' gv'O/.r~l'pl Jll l ocak l ioulh l ill re-

hli i(jil lo Ih1 , I 'll llj1o. I4 lii I. T'll, re itle follr hi11e ex- ''hie .d(cock rilnlge il.stlalllli fl l t .. c nsigits of five

ll'llIJI) f'rti tilt' Il i i- 'iiiiter olil WIli'i] tile A, ( Ititl toWt'rs 125 feet ligli. Fouir of the towers
N sig iit .lm Ilhle ll~ log/et'lhel to fOrl'll 11, htelitdy IllollIO - HYP' I111111111ged Inl a1 s(uiti rp, ()o()}--So0 feet Ilapart. T ile
till.', I, h .i.lilf, The1 e fonu" lille extelnsions, lifthi towe'l is placed Itt the inItersection of the

rlvilleill wiinir, i ivhle fill Siglil plille ten itlo f(out' dinigoils of the sq(luarile. T'liie four towers forming A
Z0/li',iA M' t1lmihlltr . 'rh.I' llvhl' lull inh lit , iillal ill the sqimizre aire,, ill Pite('t, the vertical components of
IWo of liti' kln1dr41nfsllt an' A ill) i, iii tle (fllther IwO w, IoO IlteIIIInas placed at right angles to each

IIlI N. h'll, Iiihldruilhf k ihuivhlititid by ithis plirdlSIni- oIther. Thlie horiz/ol)tal comlponent.4 are buried be-

wlill sigllllI: I1h1t is, it i Jiln N Iiuharilit oi11 an A j-itli tie ground iii shielded ]iousings, eliminating j
11111iiii't I. fehre' is 111w fill-' t ifll lM .II' fied Ito tihe the v•'itie'i'] signal emnission i.11(1 its resultant night

two loop 111111Illhl 111114 1 l l howv ft hy 4li11 iil tli'hk to l , efel'ct. '1he signali 1)lit.terol is exact'ly tile same ax

f1i`n0 It '• l Iltlll(tIeIMW 0' Ill' Hb'IIl siglal., 1l1 of the t hdohleh loop.
'J'l I'ltllilMliItleo I r,2( rlie t'ezitv ttwtr t rlloxnit. an oinhi-(lirection- ]

1 1.1 ioli - f, 'Ilh l m ll ) is fi• l i' uplll lt . fill nltlo lrier WIkve oil tie stationl' assigned f aerren ry

dollt n h hd I'm lil ' of 1t1tAl l N b tue l111h11 11111vi, l whi, hll L li, 22.1 k' t( Aw l ice, ''exat). 'rlii,( signyl)
k i , v i i • I~ig' w i ld , f~ li ul' t) h c a m i'i l ' 'l[i-r a lg u e ln t , i .,, t r tl'l l s lil lt(e 2 4 l io u 1 '1, it d a vt} . V 'O ie e t r 'i lln i .mi ..

t h e ' I 1 1 o l , .r ' ?, ig i li l i + N l.( f o f i ll - I1 r tl0 t 'T 11 1 0 1 1 11tll l ~ii l~ l l ." IL l 'tV 11 6 04( I l i li d lV ( V V I' t h i s a n t e n n il ll Tt + .fliv t e r

F ,ir s t , IIh l, thl s hi o f O w l N " g .• ot,4 ill lo fill- N% 1 1fll tilel tl l f,)11 1lr o ;W P l'S Ib l'o nad i'llf lt fi ll 11n llll O(1 111111te ( c a r r ie r

'l 'll,' nb ,1tl • i t. I hlt I !lw ee ll f he 1111.411 lin o( \w i't%,et w h ic h] is ilw iiy '," 1.0 2• k ct (o r l,0)2 0 c +y cles )

d I ' ,f ill- N, I lit It, r till o f f(, ihitui dile A II ntile enlrr'it'l wiive of tile t ettttr towe l'--that

u1l0l1'hinii 1 I111 . 14I1 ,of i!i,' N tili'll aolls. illll ItII(' N iH, in ftint' cuse of Al]'te, 'Tex s, 22t.o'2 kc. Inter-
Illif'il!nIlil4 I li th i (i•sl f fill' k f llmows going into ferll'l(! betweenfll . t wo frlelienlcies C•'eItePs a beat

, I itl I II , ll il tf t'lni l tll'lllgli ( i ''ltck o III(.III(

I i ~ t 'i I 111101111ol1i, Ni4- O-- M WM M 100

'l 'h,. ' I " 12 % l, , 1111 1-2 N Higlnlls ir1llx lnitledt A -- " 1 M M

t.tro i ,:) tq,lnoi.., foll •%,tl I?,., V Itliilllq. for w Mill t- Figure 15 -3. Timing of A and N signals for -
C:Tlii illll,,•i)1 ~ EIII h identlicill olllhz Interlocking

1S-3
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frequenc'v of I,o:2i) cycle-. which is the range signal The On-Course or Beam

tone, but which does not interfere with the fre- The four line extensions from the transmitter

(line cY of tile voice tra•smissions. along which the A and N signals tire of equal
strength and interlock are called the on-course

SIGNAL PATTERN lines or beams. They are shown oil charts with
their nil.anetiu heading. For practical puriVposes

leciu,.e of the directional quailities of the 1001) the Ieam is Yv wide and varies in whidth front 50
iintensna. delimite Signal zones are formed (.see feet at the station, lo 2.6 miles at 50 miles from

Figure 15-4) Ih either the Adcock or Loop Range. the station, and 5.2 miles tit 100 miles from the
stationi. 'I'le ideiitilicatioii signals alre of epni1i

Designation of Quadrantsintensity.
()ii aniv rng1e instill lit ion in the 1United

- t Ntat es, th li idr; ,It (out ni Itzi i true ljorth k (ICs - The Twilight Zone

i,..imttld the N q:iiirant. When the north leg and The twilight ziin,, is itn area 1L."' onl either
triuel 1iii'tli viiciidh, the l 1lildrlltt to till west is side of the on-cour'se. ideiitilied biv a predoliilailt
ill'giamtoe the NX ljulrad t. (ii a (_'amlldillw range, beam tone. wvitli one of the off-cours;e signals de-
thi.S rule does not ;11l)1. There the quad:Lrlilint Coll- tectable in the backgiromid. Often only the clicks
taillitiL' the inboiilid bearing of 135' true is; desit- of a transmitter keying device are heard. The
otted the N qN itoIIt. Rng1e legs ale ,iiiiiibei'ire nmbeed aver i, e hu Can ear can detect no nloticeaile differ-
1-_..-4 cl,-klkwisl fimu Tirim. North. awl tihese cnce iin the iiituiesitV of tilt' tO ,1iUL0(it ~:tioni : sig-

ilmiiill'..A i'' are 1ed to identify fan marker.-, ( ude- lulls in tile twilight zone.
.. i' i bed hateor).

The Bi-Signal Zone

One third of the rest of the quadrant oil eitlher'
side of the beam is the bi-signal zcne. Ili this area 4

the quadrant signals are. predominant, wit the
beail signal becoming weaker as the receiver
"m-oves toward the center of the q,,iidi'ant. . deAl-

4 l nite difference iii the identification signals call be
ldetected ill this 'olne. with tile idenltification signal

3 from the aniteiua associated with that. qIuldralit
3] beiiig the louder.

The Clear Zone

Tile bhlance of tile ,lia1 draiit-thit is. tite'
('-enter thlird-is iaii area in whi(ch oilyh ol'e quad-

3l rallt signal is received and only the ident.ification
siliil Itrulisiinittetl on the .iiiteililt1 associated with;

that (iladriiut signal will Ihe heard.

The Cone of Silence
3'1'lTere is ili are, il thlie foiiii of a .ol'e ex-

teulling vtertically ilbov'e the shitioll ill which no

siiii is te eiveld. This area is called the coine of
I1 ON COUR[ si hi'u'e. Its alplprelit size dopleids directly oii the
3 MStAL alitiiide and speedi :if the aiici:ft', the l 1 f)(e lit

5 CONEi. ltel.lia ,.Sed (i1 loop alltelilia will int dlo'tvt it
'o~lv ()1, ithe ]loop statioll), :01d the ;tl11t0tl1t (If Vol-

Figure 15-4. LF'MF range signal zones it,,,1' ,l.w . (Ste' 1 i: t fl ' 1.5-5.)

15-4
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RANGE SHAPES
As stated before, the basic siginl pattern of

the IF 1 M J4 range stitt lo r provides four Iine ex-
tensions front the tn itl'nsiitter on Whlich the liloito-
lone, ori hen ni, sigmnl is received. These four line . -

extenisiolns are normnial lly 90)° apatrt. However, in --

estilbli! kiing thle airwilys, it wa~s seenl that this
sqJlare range plittet'l would not necessarily pro- -

vide a line extension toward other geographical - - -
locltitobus to whichi it %%-;Is desill.;hbe t 1 1:v liivt ael l~el. - jw.jI-.i
'Fhcvrefort., inetluxis Nvere devised w-hereby the
sqinre rlange pittern c(uld he purpose.ly distorted
to pro)lv(ide the desired connletieng bettins. Froi( c -,. iN0M. T Lv•CL

AS AiNCRAFT FLIK ALOWOth tro l -t(LIs tl(l loll,+ thi-vt basic~i i lige p i~tt.' It-.1 is Ac.. MA1,CC COU a

""A l Iveev (ICeveloped. All retailt the four 1)eanli.,
hut the angiuhtr d(ltances litive been varied to suit Figure 15-5. Cone of silence on LF/MF range

the ati rwvlys reqluirements.

Square Range

TIhle l):siC: i'unge pattern i,- the .'-futire ilinge ,object.. suithi as terrmini, Inc(tilli( ofe (hldeposits, lIrge
whicl results fronm i stlhllllttd insthliat lto with 11no lleIls of Wlttel, the icuiiojlihere. filu( hilage Iiiet li1W

Valiatttion induced iii the beatm exteiesions. llow- stiru-tuores reflect or atbsorb rtadio wav\'es flit( .|tilise
V~er, tile eltire [ptterniill bciie rlotatted by the u.se :111 CeIrrleouts siglt.d pittern itt thte i rei of reflec-

of a goillicletet (an electrici'l device which alters tiol or thso(rlptioi by (,llinging trhe p)h.iting. The
phiasing). (See Figure 1.5-c.) degree (,f signid %ifr int ion lelel dis ()if the degree

to whicl the radio wave is Ilis 'bed Or 'efle'l0ed.
Scissors or Squeezed Range Hie re lire the irreguhiritielts wlih tire votinoyilv

hi a scissors or squeezed IlIge lttern, ol)pOS- elieotiiitered.

ing (julahtnts are of the sitolle size, with two Swinging Beams (Night Effect)
(ulidriftt5s greater t1nil 90, intd two less titan 90N.
'Ibris pl;ttern i, pro(dttced 1 b%. xvllylig tile signiial Swilngilng beains are on-cotlrsi lines whicli
o(lutl)ut of the individmul iuitteilna, which reduces swing uwity fl'0inu their (hlSighihted hemIcling, gent-

01" ilntvits-'s til lo•. he size alild Ili'I'ov the ]life ex- eoltlly .lit niht. 'hey ti'le ilOre imilly iissotiatted

ItellSiOll (ill which the intelocakil•g sigiinls lre lre- with the loop Ililteinlln hilt bu llly be fo•lid hi All-
(livd. 'The folr exteioinisls llrloldut II ]lltthi( l ock iiStnll fitio1.1 to a0 h.s.Ver hVgi'ee. I lPre'S h1OW
wit hi recilp'ociil extenisiolns forminig a1 st l'ighit filt,. tilt,-" (lll1e iLIoiltl,

(,ee Figoure 15-7.) hwe itinteiita of iL loop lliaiiliit ithig skig t ioli
-elihits t.wo gelleral types (If wlaves-groli' lll Ill

Crowfool Range sky, (G'oilucd waves follow tile ! uiflr'iv'e oif the
T'lhe Crowfoot aillge palttiterni lvolves the shift- ,icilth 1i1id Ilie ilwd pl-liinlirily for llafclio lcligv' vOIll-
(I i f (I)ill% ()fiio thye filur Illc exteiislcm s fi ndts i , IIlul 'lIllit . 'hlic sky WelVeli ge li1 Ik, flit' It, I1W

.(TOilildjslled ii(Io-t siliplY byV (hitligilig the powiier K.lllyle letUviside lnyel. (1111 iolliled Ill\tVr (if 1till

ol (plil of (1le If I t, liie ilhh llllS or1 lln hiilg liltl eXtI'IL lo 'ihte froin 40 to 200. nlihes iabov, f lie sill'fili. (If
• , ii; l l ,ilt if i f~~,| ' l il ~ , l , s )l it- c m -i r h ) m i dl it r l le ie l he c k -d k i clk Ito l i l t ' v ii lfl i i

.• ~ 'Fl'heA, NkNy 'A'AiV'tS 110l'1i1111i%' I'ellll'll to(-It'll'tlli Wl 411111V

., ~R A N G E I R R EG U LA R IT I E S pol lit ]I:,(l~ ll nlhs frol(;li (h Sti tt ~ ioll~l. l l(>evel, r
t Ihe relIlected \v t 'e fItitIV (Jf° jlin\' not bie hin p)hivv vil I I

Ti't, rnifige sigilitl] p~itterni i~s fihe re;ýiilt o'f p~ints- fl( ~ '~ileg o idl \vj\'e fit fih(- s• iltle I)Oifli, fllit]ll nlfl CI~ln1,s
: • ii•.. I \Ill s~i~ll'ilh i'lllit)•.i~ iil-.. i I I,)v \''' ll11iiV till ilit-reitse~l ofI' d oist, ' i~ii the l l~ie ll,,l.-;it lt of tio N of1'

S15S-S
k-~l-
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VVi*0gniz i h'&u I liv Iu'1 k of llt1iIIl s.ignal re~vers~al

lilt ellhillL11%V foiund N~iNi 111110"oftle piil~isIhed betiuia

sent Boams

IF,0/0ch ill1 o hii ita l ig~ oil Il in~ lt- ~In.1 11 a 1,111-s IIlia tllize II

F~gur 15.6 Squae rane))(.:fill hedn i s~ J)111isl4illly '411sv bYIII fillI [llstructIo

15~7. ii lof sortI MIlliit4,MSil lls, ew.). 'PieM lt-ill IT' ildsiM

lt%%.),fl~lill l~o t ai'oli ajto aiis (1 . tol/ hwe sigitu

Falsed Comes

ilfi ll- vlrII4 ,?' sihlt 1iPJ.l Allc i1~ts 1 L'Otri-it's U111l..ltfidt

4-11ig o l- ni illt I nrc villuej' vi jIof it-111 vafi ld, Iot la el v lv

MCanteignedBmsj

F,1gure it Is-I.il Cr1ow414, rangele 1wlleedo. r

A~~fol I~a~
t  Ill';ii, cone I11~ilh lg I;~li~ If(-l lI1l45 is not verticM

a~~l~~11ipov Hit- hgliiol (11)4H fille ortIt~4 clitait) ill conesC'~l

l~~~~~~~~~~~~i~~~w l 141 4;MlI ~ l 1 i''II l. Iiiil'Iil ili.i' ltllll l ii lvla411by fo 4 (llow n lagilt- ollaolf1?I-m

1111~ ~ ~ ~ ~ ~~~~~~~~hg U11al4 %au~~glftl 14't4l l- luti'111011dm where'iii it p111lol41 is 11111411 4444lve bya

Mult~~~~ple Beams ~Misl4l1,aigne Behams itvI lal 11141i'

h~l haiii 4I41Iag ~i t)Iiii i'Jj .111 h 0 fua1i 1 , I it lat' a Iin ly l ) 11' 4 141 siii i i tiiill

MlilSljllg 11h 111H 111Y 4111g . il- p ni n
1111v15-e 6% v o lp if (f ll- 1111o tg li

Il14 1111 111s it dpl rl w of fill m gi*il. . . *->.

Figure~~- Srwotag
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(Illeml of all 0 u. N). thec 111itolllilt ic ranige Ant :11caIiftrtt~ciav '(iiilie. littleoc ii' o

identilic.t tin letters. You then know the ritlige is ihmre. l]iit 11 :kii'ei:lft lIIving inl p:rt ticle-laden

Tll Ili,'h r- lod li;th whi.h (I ) ii lit,1., toi th,•..Le raft,

W heii ~~~~ ~2 ctleatei aii i stliarjtice tti togethertl f31iict(I 11 oIi ii l i lit i l, (i

thn 'Ie'lfiI' ,ll rgvs of ;tati(- ehvctriiitv o•n then with tin. si•lf•ce of the c.'rift. a',s, it the lower
i.i.lt,, li' .ll'fi•,'s. 'llitMv stilt it ci'] igis ,IIl,' •Iitithil(t pullrlicii1t,'ly, ill li• •erlitv to heatvy•" rain,

111nihl l 111, Iuitil Ihey rehIT the C e('It1i•' I CI I iC 'itv l'viIi)itat II st iiti.c i .1 )111111()1. 1 t is 1I'ecI IIImlh liIed
,,f 1hw s.illfa,'. anid tlwii di,-lm-,' gv, ,,nt,• a. ilea:rhv I, IY .: l o:, 's IlhI,.

orlif~•• •, lilt() thek alr. W 'hen suc'h it (lis(,'h:11-g ]h.I.'vi'l)[it:16ti. 1.n x. ('011l11l1011 :dlso '111 \'INl•

O('TI'is. It iliv.tes it ioi'v (list Irlo•li' (-tatic) ill hiih c'hloln ot' whiere iiglh Nviiids pick tilp :md ca'ii'.
1,•,IOa rd'n•iio I-eceivillg eqluilpeliit. 1 si•iistaliti:ti lo]m of solid pmlt ik.]es sicnh .is alev

Precipitation Static sildt fio•l ;ltl•iie-lihr h' s . 'i ,'itl li ahl , l•.sio a'r

:. iII ft iilli 111g t nit. liII•n1:1tes static ,,t.iiia fiiehl•, Xdiicli .iv, cie.ted byv I -lprve ll(-,l e

iii.ilgr (li ih. litls ' ýlrilccs' Such Is wiligs, tail, of c•liagei cliomnIloiuiimllv iissiicitl wifithiiii--

c.. I I, ty II,,v •lii.h• it,• t. siu itinig ir. Ice Crystal Static

"Iliis li,,i'hl•r , i- 'iilhtt ii iiioii discharl, (,r N. Aliolel, fuoIi i of static siiiihal to hre'ipitil-

];lm" iii'i liiati cvto'es jtrecipitaitionl staltiv ill airl- tioii stot it is t~nleltIvilt of ice civst;lls whIich alre
cra'.ft "ath•i, rio i:g cy;iipent. (Set J.'.ig"re foliid in th•. eth,.-iphr,,. ('irrl;N ,'hji], fuoi ex-

1i.iip.e. jlve •.Ollptie(l if ice c•rYstils. Ill lower

Figure 15-9. Areas of

static discharge
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hitititde', tile u.uilliy occur ab.v N.0,00 feet. In .tatioh k it nn11.' he so oriented iil , to pi k iul) tiilt A

the higher latitude.s, and inl middle hltitudes in nltire stirongly than the N even th ough you tire
wiliter, upper portions of ilitostratits iin(] ujinlbo. flying in tile N sector; the reverse is also true. In-
.tr:o; clonds are colmposed of i,'e crvsttls. In didition, the cone of i loopit lg1op frslt, il't Ibe s'tertt'd
wilter, viwhell. t 'he sur-facc temnpieratures fall hiehaw properly 'ith thilttI ol'telt.

- ipit ., uma v" of the lo\Ier clodS over tile intk -pTradio.fl .11gt11jona( Severe static.,.uc piillis tilolt
riorof lif e hconticneultI lrei.' lflpiotgeofaicecryitials, esti(cIIterel| In sil'w flurries, catl be relievo d bi
For exam1le, t i lots" relports oin flights netul f Wulte- ~ling tile trailing an teba itsit Static disclu to.
horse, Ytkon Territory, show that when there are You (in restore some, degree of readitlility 1)y
very lo' temperatures oIi tile ground during the reeling out the trailin g antennit mid •'riigdint it
'w inlter, sever'e pre'ipitattloll stat ic i• elltolllte l't' to ý;Ollle lntttllic part of tl'e ilt' r'l' llft. IlI ol ver r.

ilk alllllo-ýt every.. chod, this .has tito d i gs , h'ntaios: first, lthe cin harge
A possible tlreventive tleast-re oi tile case of from the trailing wire is ofte0 l quite Iwilsy ben1d,

ice rlit'ySt:l static Iniihglt bte tolle altitbde frols S'ilnidly, ill Or llfltn leave 'nlilitestigale

a hevel \hit1edry ( lles't exi( to'tV lit+ \\het lllt tritilin• wire tl" Ittr.aIt.t it lightililfg sttr'oke.
mi)-tticlos pl-r, (Io lilmte. Ihmwev'er, if tenipetraturtOs ]+'.edurboj: S•p,, J. Si;omletimes', v"o11 (-lilt nnke

nre riglit, :m aircraft flying i a region of pre- it possible to establish radio Colnlnunifations or
cipittion still iil t ile liquid sltte lilil pick ill) au ll dio tlvIgat'e a id. ill Severe l'eci]i!tioll
hind of ice whi1ch lllmV be It fil-t -reliter hlazard'( .staiti(. IbY 11erely- r'edutcingl tile Speed of tile till-

th Fi gstrtic. 5-lhere0ore, 0 o chard and ftait 'tle.t craft. t D this biv redtcilng potwelr. Ion't e rl ' t o
Ia\'v. beeln frlhttt.d. It 1" the 'l1eý;fosrl'iltt't of thtcrellsei'tid thy dropping the l:11ditg t ear lie-

the pilot to) decide on th e, best pr'ocedure. cjlwl.we, with numay types of taircrl-lft, this \Vill simlply

provide additional loute for (cortona disaharge.IQR educing Plrecipita fiakm Sta tic A udi',; o F 'ilter, 111 m static is c"Illsd by the

TIhtl e f ,ollow in g t'e t hogs rit used to redut c eit p erio d ic d ischi'rM e o f h ig h -intensity elect ii' tt's.tn i
p~recipfitation atlic t: (le'111iV stwh is :I., nig the 111dio1 filter call hell).

,k'tc:•. L,, r,':,r. Sttatic discharger, are Switch it to the RANGE p)osition1,11trod tll frequenc:ies
IlSe(I to) pro'motte the qluivt dist'hmrge of liccunlu11- ex'ep~t the narrow 1,020-cyt'vle b~and will be re-

ovteh free el,'rtricil riarges fronf the 'iir'lane. jeted. e'ii'l' provides a redutcitlin of the nlidtsic -
tt isarerltl'e Ide of a fibrous coil- able noi.e and will often hnve lrange 1-s11ignals

dhurting till)( 'onsi+-tinr of vtrv finelt disc) ia '1, (list inguishllbe.
poilts whlich tire' v.otltnitly /'('ntiv\td byv tile
fr'ayilne of tilt,' vic'k ill tihe .h is+t remuu. (.See Fi'gure

S 1:,to.)PRECAUTIONS IN USING RADIO
i RANGES

-- • +---" .. . .... Ill lI:isinl l'Ittdio l'1kilgv's, be alert' fol" difti culltit's

Figurte 13-10. Static discharger and~ p~roblems+ yoll 111Y ell '(ltliltet', liele Ilre "Ollne

things yOll Shlouhld te cnrefull illbout.
L.oop], .1if+++/t-mm. Anothier" wviy to t'01bitt pre. 1. li'e nhert for irret, ihl'ritli- tilelt to sk3" Wvii'e

ripilf t (itll ý-tkdic h lh 'fere(nce is to uise tile' .h]ieldvi~l rd'fe(ti()II oil [InY hltop-tYpe( radlo Statio)n lit nlight
](,(I) :(tllte'lill . ."l'li-es'-lieldinlg oil tilt, loopI lets dwt -2. B~efor'e us'inlg tlfitinlillar l'llng~es, ('heck the
l'adi,,% Itn'V,• get thrloul,,Ih b~ut p)revetnts 'hilll'geld ]itet N¢)YI'.M • and niote till\. 1-1'111-e irrefll, liriti .
plirtic'](,ý fr'oml hitting tile 1tht[c'P~l ll pr l)pvl'. •'l~iel'It T'villporatv inrt'-,11htl'itie.- minl' be r'epor>ted of] tilt!

-,1,tl~llll-, I I s, t l, ont / pIm r;Ill~v to, the 11inv of fli,.hlt sc.hed h.I I dr l isu. ts of til v, \'riotlý r-1111p . stittim}ns.
Oilmtt 'is,% I] di (, :lllt' ti/ illlt edl ''le uit 9WI-), the l olt ](tý ; .k ,'id+ ýtvtlillg the' voi) imle tf)(1 hligh. I.vl-:' Y

plo~lr , ret.- li:t11:11deh , J.gnatls loll" aifter tilt ctln\'(Iin- t':.tilik, r'tct't vi\.l hllt• an tllto ul-o d pluilt zlit wh~lk'h the
i ~ ~~t~honl i lh lilltel 1'lli l 111-v, l{'t1l1l1lliler, th,)1gh. +sig ltl intensity no) l+>n-mr irT'VTISSl' lse I tile \'0lltllM

th+it 1114. l,)0j,) . :t (1;r,, to' l i<n tl lllhtt'll:l. N e. st il"lht co-ntro)l is adit v llli'te ]. [In fact. the \in -111 w il ", in

k,1 -
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to d rop as thle volhi te control4 is furither adv'anrced. (ti thle \oh'iw• posit ion, ,•J tlile 1,(020-cycle tone is
When this Ipoint is reached, the weaker signal filtered out.
entering the receiver may actually sound louder -

than the stronger signal, which is Iproductng the RADIO FACILITIES CLASS
overload. If a strong N overloads the receiver DESIGNATORS
substantially, the weaker A signal. which is not
overloading tie re'eiver, tiuy sound louder. You A series of letters havtxe been designaited to deC-
will then be hearing thy signals in reverse strength scribe the class of ranges by antenna, frequency,
and interp~reting theta erroneously, and power. In addition, the available facilities of

4. Some aircraft radio receivers and certain the individual station are described by use of the
'onipotients of all aircraft receivers have a selector fulhow ilg letters :Ls appllicable.

Sposit ion which provides a constant volume level R oprnewt oe foe 5

-- in the headset wvithout manual volume adjustment. R oprnewt oe foe 5

This is true, for examp~le, of the COMPASS p~osition MRwoo atts it.owrof t 5
-~~~ ~of the radlio compalSs equipment. Be sure, there- R 4  Lo ag ih oe f5 o1(

forfde, no .otyt ov problems involving build ML 14001) range with power of less than

orfd nsignal volume while using the auto- 50wts
inatie volume control features. R A Adcock range with power of over 150

5. Above all, when you use a range station, be w~att s.
sure y'ou tune it in and identify it properly. MRA Adcock rangfe with power of 50 to 150

watts.
DETUN ING s Sinmultaneous homing and range fa-

cilities; also voice unless suffix WW.••\hen t hitt ig a •taI ion thai. has si,,,ult twnotl follows.
Svoice and range transmission, you can provide for Shdldbodaticulshtc

etemaiu vocorrange reeto.You weather, NOTAMS, etc. At. CAA-
lan drethisce "etnn. There is a frequency op~erated stations it. comes at 15 main-

difrneof .0kcbetween the voice and range utes and 45 minutes after hour. At
transmission. If the range signal is tuiied for Navy and AF stations it comes at
maximum volume, the voice transmissions will not 29 minutes past.
be comfo)rtably audible because the range signal W Without voice conmnutiications.
is 1.O"2 kc higher. Therefore, if you tune the si,.- Z A. Z-nmarker is installed.
nalt, nax imunm recelption with a moertie~e volume VOR ()utoni Range.
setting and turn the tuning handle to thme right VOR--E Onini Range with DME.
(reducing time frepuency) until the r-amgc, signal TVOR l~ow power V()R{-no stand(by equip-
is barely audible, you wili get the carrier fre- tierit oii airport.
quency. Then, when you ret urn the volumie to I4VOR L~ow '),)wer V()R with stani(lby equip-

nrumal with the volume control, both range and1 ient.

voie trausiissiomis will he received clearlIv. These designations• are subject to change, of

course. ILook at the first few pages of Radio Fa-

TH-IE F ILI.TER BOX c'|i iy ('harts to timid those curretitly used1. They
are used in the "('Ilass Power" cohunii of the Tab~u-

.A filter bo(x in the airc'raft elnables y')| ou s- Ii) )~fstno~gottl ok
]e't(itherF \'oice or rIuiugl.e si•miiu, Ts lhc tilter bo~x

l~oVh' tuie elctvehi~iioiSiiuuke mi VISUAL-AURAL RANGES (VAR)
\a1m'1;, lllit !n\Nom;I. Nu) liltet'imig is ititro)(hluedt on

i toties cexrjult thw 1 l,02i(1-c(.le itone atre tilteted ou|t. quulemicv ruinge just (tuscuisse(l is suhlject to vutriouis
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t ",[I %%, herl'.' flu he A :I till .X -i al-,t ,,rlii 1o ful'li pre 'ito•.\ 'u - i ] pter 7, >v. i t,

ti,' -,lhl -ti il.(' lt-, t,,11. Tlevte is it bi...-I'll zo1 P'HASE : s\vitt)l 0il Ilihe Control hIOx to •oNr:. In the

on i (.II <I1er Cof It Ie IVCnIC"lle hI'S wIhiih is Neor Ilue St'thw, the veriiteal uehille will deviate to tile
S.il111 L" II 1 1, hlt ~ wi nlr l z w ,tw ( ,f ;111 1 ,1 . N i vmI" r1(4l fl : ill t h . v v .llo w <•,e to l% .i w ill d i ,'6 1tv , I flith ,

(', ,., •-t;,tl,,,n ;~,leli lhllit tilll <iLl : 11'- :il' %it. - rI.,_zllt. If Your :Ilh'l'raft i.. equiippI l wi ith ;Il

ullnil, a:':. ,onI il~til'\;tl' lust ill liw N Sector AN,>.RN-:8, receiver, I.-'t the Switc'h -u:tlkvid

nid the.,n it Ihe A .e(-'ti). tO.MNtVI-\. IAN' to '.AR l14t', lll11' to tw ta t . ti ll, mid.

Ill ,'ldhlitio l III tilv Z111':11 ]p:lftt rl, ,llere is a Yoll W~ill ge. t the. Sikllil., vi;Hll.,- indicaItions oll tlw

I Wo'\v't-tii' vsi.lull puttti'i pIirothw'td IVy te '"vislu:l" ])eviatin Indicator that yol woild on the AN,/
Itr:iiu1n-it hi'. ()0iI' 5 lv is iiuliiiltied with n 90 A-1N-14.

' i~iiuii f-lit-' othlilr wiltl ; 1.5I) ,1), siglti.
T hue i \\t --"~.~i,_1i5uctol,', . 0 '-,',1•l: ill such a hIti iiiir Designation of Sectors

it) it 1it' llt ict' il oii-4tlti ()' - 1 1 • llui ar . of eiji il mt'e the i ill're tuf the'V.1l is the easier
I,,,,•:• tlt, i Iv. t, 1.' IVt I--i,, f: Imtm t : 1, 1-'n -i t al 11,' Y w, I n .I t I,d So I III;I

It! It vr :•l In Ih i-, - 1' 1 1( t- _- t• e h If•. 1, al Ill,,i t h, :1is l wl'. (i i ) I treent

.ItA. I, II*.Ihwi'' a tfl, I,-ii i lei ( Seei'&'. -t ir, l eiitie titl ed I',\\:i . the t um M-e1I l or us I W I i'M I of the

.7,--I 1.) ] h I fll(]iraIli iiil i v s.l ;It 'lv.\ itenit iJithile visual miltrl.ti e tn1 til' N seI toN. IS ... t Of the ;ittii]

] I\ :1 1i1iiA mii dal intl a vi-ual inuli'atifoii. utoil, st'. I)I A. illue, antd i l lue lijiways. the hlue
s,,.tor is west of hue visuiah ('outllise atiuI tilt' N• :,''lh t

R eceive r E q u;p m e n t IV t ,th1 O z' 0 f tl i t Ir w I 't e ifI ( tI all .

is t t Ie( lItiii off i iif tielurl :1claise. Nuuui: hIlav . vuiii

l•oli , ke 'ei' !luu Se" I('- 1 :-.\ tl •-i 111,, 1 ,l, I n k II Ie 16 li, lf acil itv (.'h:1rt tol he I, I.IV

ti' \ .\ h. il IS t. i th -iuiiil' set that I it.t 'i hie t ol1 'y in e:ll ( e( se.
ih,' II,: 8(8,-;,). Thii' �httullle of tho ilt, si- FigSto 15-lt show)'s n A.R I'lilge fuot(i the

to ,111i i. k'otitltoltuld eitler it o Iho j:lk'k-Iox i,, atI th, linliti l,'eilit y ('hyim ts. "'The'ir is an 1,ii I"M I' i;n,,.e
I IS Co tt FiiO IuhO . lReVC htiOiR oil' the 9)t)'-vuh,' • lslll just to the left tf it. '11' visual u',,liSe 021 2(01
I. ilii tIIed ;S - it h thiv twl iull of the Vel'tit .kl Iieu'dlhe \I. i- :I ..iille Ille \%it If tl ,' tild w w llow lit. :ti 1-

iljl, tile' \elliw tield,. Iute lt iioll of Ohw 10l k.-l-t' h o'til-l'iti de .'l s. hi'e tllilal v'l)iil'le', oie shli \\l lille

.i.'tntil h'lll t, t li' inu'idl, to iillii'att iit ilit, hu 'le. Iil lgs of litl hI",M I" allige. silit'O the .olid hite of

til t-i:i of ,he uiII -t'l' where botth sililglm tire the ,,nIll - ie -o jil of we tulrll leg•,s lNut' lit's

eiiulil, tlit- iivilho' is ot, iitl'tlvd. ltuilth tif t 'e ':tst-wes t iilr lh'gz. Note tlsi iIn tlis

If v',ui'airrifloh:istlhe .AN A. . -14 ri' eivei " loiim'ture that ttn tlioh ' line I-ti1s ill I iitlt lh llilr\'-

\\ti; il ' Ih 1 1)). ('2 ii' 90lmr in tiit " (l"iguiirt' I.1-) motlhliVeste•ii'-V dilrei tiotnh1 tgl' I , it, :tiirliiitrw .

IIIai'kedl 0)15. 25 vlau'i Ilh s a bhlue Ivllow ( It ald

Y ) ini h mii':-it ()io i ithit.r S.id'. 'l'li .ii ,,s 1 V. \ Ah
hilut. S th( ' houliz'rz l' for II. 's mt lie tiulpol.z

Flight Procedures for VAR Ranges

Iln lzadfuuitt . ulueck fin the fi't' i'litu' o ol : 'iitdl'-

S,~~~ ~~lnict lis lc, (Ifl tilt, V Aii rl. o :111dil. t i (cI'• i l'l"ik , ft(i._

,'l1;( riiti oil - t hul 1 1,1.\ ! il~ 'lil fli t-I'l• lilt i t' '] l' i

-- u'h l i iiio .- 1 \ A . It ito-; " h,."; Nv " Iil. of 't lt'h

' ~ ~~~~locllcn izt,- r .ll, A,- ,he4 r ,, ,,' il. - I.,ll .% fi lit \. r

; ~ ithl'i'u ltiti'oi ,h'lhlie l n. til- •itlll is luiltititiH'- tilt't

Io I fw oilt I t I ve I I Iit' 11 ll': Iii I It I:1 11 'Im~ i 1-12 1 Vt lI il -i

• 1 ~ ~ ~ - :I i, 'Z li i tl Ic h It-(.. ffli vi-- I r.1( r IIr' \ý>:ii'i ll it-1

If. ffdl,•)\\ il,,, flth , ~e:tili " n! ,,I \ i-ii:i1l e -h ' ,, i~lli il:-'

Figure 15-12. ID-249 course indicator for ARN-14 Ihe :uttt' tt'iiii,' 1- i: ioth iiI2 I ]O'il

15-11



ALL-WEATH~fl, FLIGHT MANUAL
NAVAER 00-80T-60

11011Iý(. (I Ii 'let [Iffil legI. VUIIl jp Lu(e !I; Oil til Z-Markers
1A.' Nl I' l:Ie 1"~. ( )rI a vi'ul leg It-,ittioii pta i Zeie aa o loc-ation liiail-er Ic
s:ýgO iS -11MwI 1) a I fill) lvlleCti(Al Of the verticlL islosvid for positive stationl idetitificationl. hlaving

?J. 1i'.llvt fr'om onue color to the other. Onl in nilvil at tuornual jaiw o!Itputlt ',f 5 watts, it is locatedl di-
we.~OI~ill luvau tbte A (,u N ifliatig and the '.eri I- let vpoe the sqtat ou, anl has it signal Pattern

- ievdt I~ Ille I(II\uwillmet ral.1 Ndl ill the formn of all Pnvertid conle. It is unoulollated
with a .tXnestonef atol :Ii vli h receivedl oiln

ADDIIONA RADI AIS eaonu Iteciye i--eth SibiliCl i -H':ceiver
ADDITIONAL RADIO AID tis i~.ildh foi- till fan tare.It can he received
~ilce ln ati ssin ot~nut bo)th auzrullv Ilint vistal lv. Its zonle of hest recep-

K~tio e'xtendus abveill( th stationi to l0o0011 f '1'he
ltl(-Ife pro id :( tijilt fix sl4o(,-ui he tth(lae

I. lg.- it ee? ee ~ItlieI: eete~i of i lnge I~O&. f ;t ZIL'IlitiOII il Wolfacs l for tilt, (tation

;11. MI 1e1iuieila I 1 1 J!,I a ie- t) lu:1igautiuuu l1e1\1. beenl(lu m ~ l 1 %flt a t t

jlueeIeIIle. 'hir-SQ ieiiji -ei isjtlul Fan Markers
!e'ul-e liii' oh:' I 1)1"1111g Ii uevitees and variouls A fanJ iuatket- Is a positive fix for tiiiflic regil-
111:11.w iwllc ];I[ h it l :1114 'pa(- II1g, !h.elhi.g Ilel st~llkiuig, alin it

Figure 15-73. VAR range from Radio Facility Charts
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plrvide. sa definite fix for checking ground speed. NORTH

1t is tnormially locatod oili lie apipioach leg, but it
cali he located lit aliiv position onl any range leg.
It is - normally lplaced betwren 10) and 12 miles from l - N

the staition. or between 2i) and ,25 miles front the
stat ion. The busier airports have fan niarkers at
lIt locat ions.

'ITlie fail niarker uses VIIF transmnitter of 75-
nio a(nd aI norinul lIwpr outplUt of 100 wattis. It ,

tiaNsniits i 3.a)A)-cycle ,ignal wkich can be re- -

ceiv'ed only onl it a -Inic receiver. The signal can
lIe ie,.eivvd autratllv oi- it milav ie Ilse(d to ti n oi l : F
fight ()n file Ipilot'ý- ini.trimnett pire ie. Th'e signal

- is tran.smitted inl it (Seli~ite pattern. Oil tile oilier

fnii mtarkers, thi.s is an ellip-e 10 miles long and : Figure 15-14. Normal fan marker identification

liil.•s wide. Il mlore receCit installations, tile system

t ilsitiissiol IloIttern is hone (or duilibhell) shaped
rather thlan elliptical. 'his provides a more defh- Non-Directional Radio Beacon (Homer)

nite Ihh o g fix Ieci use the pattern is It/,2 imiles The non-directional radio beacon is an omni-
Aide at tihe celater initoatl of 3 as ill the elliptical directional lioner wlitch broiadcasts a continuous

fail markers. Oncei it a while, especially with Srie( of t'odrt, ident iliiCltioo letters on"I.a freueilncy
1l..iS, lhii -Watt fall mirkersre (-usedand these wtween Do atd 415 kc. It is of no - P for navi-
kli ,t-ar ol 1 the ch]aolS I.A. a iri ich s,;tallhr ellipse. galtioh NitNliiiit dil'eet ionl-Iilnding 4,l It ill the

Fail markers are idetilied by a definite sys- aircrift. Non-direc(ional ridic iý,:acons are lo-
tent Of dalhejS :u11d dcots. The nubher of dashes rared:
oirespoiiil to the olilher (f tihte lallge leg oin I. I llr.as -with litiiited 'anlge faicilities. I

wlich the faii marker is located. Thus, a fan I lre thev ire v used as iinavigational aids acr .5
i:rker oil the illmnber 2 "lrse of tile talngo wottid long dittlnice,• over which r.nlio rantge signals

liisllsits It s.eries of two dlashes ( -- -, woulld lde of liiiitiillili intensity and Ilse.

- ). If t here are two or more fan markers on .!. At airports whose associoated rniitge sl iitton

the same range leg. the idenlilication sigutis of the is at such a distance that acLcurite let-down from
f,Liirter illll'keis Lie plr',l(.hd i. IlI, iiCrea,•lig thte statioll woutl he difficult.
Ilnmbr of dot!;. Thn.u.s, on the number '2 vmirs,' of 3. At m•om fan tinrker sits to 1,l11 liilrts
tile Yangg tile CIlo-eSt fan iMarker would be ideiti- matintain precise holintg atterlen whelt hl]ding is

fied by two dahhefs -•- ; t ,le next fain rt, qi red.
,1;[rlkvl" outs t;11 lh aivt . vmrll v w'll'e\ouldh e it identified 4. ()ccwt,•i,,nalh as.. obl,truclioll or dis'tance-

Iy. t-wo dhhels preceded by t.'o (lots -... , limit i idi., '.
lte next ian mnarker (in the saine . AS, ixe.- froii whlihil ar rivils co]n st•llt final

COUr.S, Would I• ident ifikI by two (Ilk 4-vedtid ,.Iraight-in alpproaches.
k.' thrlep, 'itýi . .. . .. .,., _ ere. Non- lireu'tional raldio lbearons of less than '?l •)0

TIhv tra lsinitted 111i, ll, is]-istig of acoo• t inlu us \\ais io0.. are i h'siv.nihi a ill airwa ys iiblica-
ltcliltiiioll of the ideitiili:atio1l signal, call be (dell- ti,1ns hv b ie ( let- s " I I.'" 'hi'.i, fhlill .,)( w lttls
lili.,l its su,']t hWth itiiulily al d vis.ililly. See to 2,J()'1 l i i,. dsig ittld hy til. hletter "If." Those
Vigi~l rv, 15 -14. ) over. 2.,()1( wild s are , e-,i/zlited "lI I"

",r li; S.itlvv, iiilti!ihilition of either fall

1r.:11 '0, Of / -imirl. i'-, y Oi,, |ioi.•t clae'k holh the SU M M A R Y
p::lI I,]i vi-iii s.igii:il-. Tile visiiu l signal oif

the! Q. Ilw r'.Lem i rLI u'ntl Ie unc nathed IQ lightning As• it smiiII-'V Of thet infori'liutiul in, thi-
Vol :1',(l ýor h,•gh ltv l,;il w ire•z, chat ~ll.'l, chtvik Ill(- i~lforllla i,,it ill fhe ffacilil vchatrl
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tooin- it,-dt,.. The fin iiiatker at IIolP,'wl•od lI IIIs, I'vlictd fIll folr east-west flight [the vi.tiai (irst.s)
i1 wi, ti• t tin, fourth 1g,', 14:V M . iiibo iit Note I hat is west of tile liehd: IIlIe table Shitte

iiý,v dtl, imirin ] 4-datsh ident~iivi,'tilo . Notice. I.6; i,,11•s amid 0SI':" ft'•)Ili ra1n1e h) .stiltion. 'I'lle

-how ever, thlit oil the NIV 1r number 4I leg of P.N,,F rniLge, hiowevei, is even farther, being A.4
]uilm, l ik - M. iliiltlilol), the iairker ;I ('hiat'ý- miles ()i 24.') If to) stitlioni fro•n the i'aige. Note
worth ,mits. - - -- rather timn just fooi liw t(\ the \AR{ rmilgI' i shir on 0!: tihe 'lmii. Note
dams]e.-I il otIlet to avoid p)ossible 1C uifL.,ioii with lhat 1I1, i. :tvaihttl,Ie at L.os Aiigevhs. 'I'le local-
tilt, I ollvwooli d lills iiiarker. izir oi•.i, iwi:rker is dI'sig.,itt•' ais Oiial "IA)M'"

lnf(ore Imssing to other stat oins. iote the data nid 111S a: il ,lA on Aoil 26 kc for thte radiotl),acin
abott lRldiobe-woiis (]ZbnII) ainid ladar lieaconis narkinlg its locat•on, just east of tile Ih; rantge.

Iýacoi) around J_ A. At I )o\ ,ie, the table Such localiz/ers onely appear on the ý'liart whien
, h ,is' ] )( )W,, al r hiolc:l.. •oil, :o,71 k'. ni-id ils lll ,rtilg ,jill S.

II: is Ilmll.l :li ll'ais oli the chalt :it thoi .Silne Burbank
s-ý thc iililr f'n i:tik'ker but the ttble hlc:thes it

mt',. e.xo,'tlv !it.., miles lut oil the east h',,4, lurhkink is deiginated SlIBMI, (low power
"Ill'h - 1;1 :l1i i•,:i,'4)lI ,1it, : s:1 i in l "' ** nl l 9,31D I) loop I'lii (,Nil )) w ith siiniultllteois Lh lllig,

.. ..I ld tl4a;L '. Is It tl e I tchltt iS t \]iote vo'ice, 01 l iangl (s.) woitli .".1it'-lh11'c wiVallit.rl

"I 0 i 2 ; black 'irtdl. Tli e table shows ih., r it ,F e l-1, cis'., ( ). There 1illi h k'ht ilhi, till .am /gi.. p e t l eý l .d I l V 'n r I t t 'lilt l Yv . I t s pl -rec i s t, l o ca t il o l is l ) . n u 'o l r ~ly - t r i ,-1 1, 1,.,i t wi r .r n1 f t 11 1 ) t o

foill ill hI V1. 1(CI, t 1e 1 thiOf r a 'r i e •l s tow aplproa h to1 l ,o'khied Al l 'I'v ilnid, Note flht-
1: ;. h .'a itN. lth ) Iitrkhit,;" .i lNti.l t, ,\se 1 .1 hiome(vtltle
i),;,,lh i -•.,l i~i, fi' lt l ,.g ' . ii) l ' ui. ii h-1e, N'h j1(1st .•i l

11-14t4' fi I i dt - 1) . ill tlt'i11( it ];o I 'le. I, ] 1'5 i111V
VA Hl ]Pl'g, i Vr- 'LAXm on P1h41 ,'.(Ith (1•'•, id thkv.. 'il'ht lo, ( 'almoiz r, c'm'-,o, ti75" M., witii its
'V" , kc. mtd shown i tht tilll' to oegt yete sie mof g) i lt l Avon.ate

iil•llgi\ ~iiig'~ii ~'illh . yul'It ,tlh 1)w 5 A )m .iehi's ur arke1(1d, .'t ,•erh rm iI' tS

hI lt ii>, :i1,11'l. " W: eli. l. i this i : teh thy 1 ) ;'not, ward into ockheed. i f ind these lidihea,'ot s]:, lv dvýý,!•'•g lld "II1%- (m!,it41111 p wl,(wt ; n o 1-)111 m G ill eli11 fedvo,,i'v falrilitv). .Allolher ffld ;it l.oS Angele~s Isa ; hI•r• :(hnhl al (f tl (e ta i,
V A IX, rnin - ,, V - I .A X (,It l(19.1I nc•. 'I'lleIN .Sector ( ' a s v r h 'im ogit P ark, .N ote thutt Iiiii hk nk is

is en~st ,,f t eI 111 a -,:1l leg ." ( th e so lid ]tile sid e o f heg -,). \\111 hi1 t he l ,.s A nlg veh ,,- C o n• t rol A r 'vlt.
lo o k i i ,_ ilit t h e( ta b le ', h o % ev e r, *t r m i- n fin d im p o r tl'a n it A S. I) rL~lc i r-C fo r' y ~ Ir-Xif , 11 1 O W xii li ii • l, c I Sr .
(1t1lii ;tho(llf tliis I';tllg('. It I., dt'si.iliittv(I B V .A I?, for Ill] tile ltbov\e itemsi ll tillh ! t,--!ii ,J
iili'ait lilg it V'.kit 1 -:1g. l'll Nl \itlh weiv hl .lh r | oillh'iss Ihe [,()• ,A nlgelest IL-ll',ii anld delerl, ic.,

S~h~i h.J1 lv , I'lti ;t l(lolk, -tIlte. Its viull-11 v'oli''ill's a e ]ini't bee(li chiiligel shin 'e this bo, N.'l,
ilill li•,: ll vl. lft, l.r till, 1." ltem por~'i N'y 0n' Iliptl• n1111 w hali t c']litlgis, if l1l1o," 11lll-Vtp (lhit

pm cmli ' i l th l kiiow th4it it ,hi(dlil noltt ii'lV li' Llýulfa.'s pre.w(,iitittin. !
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RADIO RANGE PROCEDURE (CONVENTIONAL
AIRCRAFT)

LI

T l1 S eliiiplti' fll thl-VI~ -1i -1i F01jr;l1 reest all .2*,).d offyl

Il~lilvrim' l 4 I inilj. ()f I Ill, (Iiý(llmsioll it im ".1-11I to 4f t1h1t j ill Some I)14 1g Il l d.' h Ihh itIlilt or ilits-Jcet s Soi l]M('ll 4IlJ

m-111 Ioi 'El4) (if 1ii1. bhuivii it('ils i4 m I,4. lvgj, but dov,14 no't koow~ wh~ichu wily tu tiutu1 to liviild
1,4/a 4('J"Id1io 1tývrgijB1' Ili jii-Ill-lki of! ilnte- I4)war i t(,4I 111 ioll. Iull thuis dutv of RIF~ v(lliI)-

hignlu l 1111i-i1111f, 1114,11. 1I)otvu1v'Q , 14III(t. tiif. livetd for iorivnituitioli is;

/:,./, /,, /",, I- I hu 111141 1m f fu;Ifhu, ilij it iiiigi* ori'll tOw -i-ilit o)1 Jll &'4111ill t1114l fuuliluiuu ii' vx-

I1, (111 cill ~,-4 l). 1I.NI jig. I Ill jiuiblidleliu luitiiuhiug ]Jll i I ir-m w'u vaiu livi, muich hpl'4 44hliins. limisi' be kuu''m-u

I 1w I 1(16-ri1 dri fi oil. vol1144' iii. blwik t4o 411- SIMjI il " if-l-lll1 lui'fruii I )iv v Ilr lituuhlvd.

(4l4,11% Jin it ill,%% helil~lglj%% hyidi 1I1nuI(es ý.uonv Il-/,i Tl4',v s1', mil no v :-n ihvd toinll for lit

t444IIi' %f4 oi iiiii,1 ii ni tutuirifis.otT ltr41111, 141111144 (if I'l'vul4ising coirw ill, it inige 1,,L is it

W ill m]i ll;4I, 11111 11 I iilui 11111 fu ui-i'111111i ki Ill l il w i-i p l- f Jill. v sht uidill-dizi*/A pl-in1 -11411l. It is liS1hhiII

111di 4f'I4'1`41 din- ifdih to oflo cw seý+, I il'Ii'1llt 4 1111diil 1t

16-1
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INTERCEPTION Th'lie width of the on-course is directlv )opor--

'ie intel-etioni of inbound and outbound toare t~oi the dittane iiiitsfroin the station. Ifto
tiarl tor the d ist anle f rollm t ile station. If Vot

ee'.[ho itot ke ietol so large that te'a.-.Io~ti'ourl the' /!O t hatherhi tad, i le i llea .(sitigl tieagle oftllteioll- i

beqillil I,-. is identical. In thii ., tc.ion, therefo e, is not iv,-alily ecessary t o lead the turn. i ald. if o-
ol ul\" dh ilbolusl iliti, nel 'is llltes eoil. ber that )ln aircraft has a ian -,r area lis s of tiurn11

Whenn a'le o'achi l a ral.llgte lee froal a clear at high altitude. Tohaereftoe, if te fale i4nten-
eIluadranit, aaomak teption at a h'ige puough eel)trif it "l i lin t althih al l ittalle, it fao" be itles' ryangILle to lt'e ,l't laut tilt leg will defintitely be to reduice tile angle of intercet l~toll to 30, as the
itllgeltte eil %oellbefore reachigtg toe station; how- signals stiproach tih equal level of intensity. On

01t'h, do dii ma. Ic Wa V t ted laeo thllS th the onI)-vuse the other hando, decreasing thtw apse of ilitgl'tip-
veniht eISv IIi,.c, org taolt a long Itilurn liight be 'ion wilt6 ,oll th n.- :lows s liow p the Inter aepti en cofl-
requiliredt siderabily, when there is u i l stiona wi d. If voal

I-oil (o:ill Ilse ;li a llle of i alter ept io . but do not intercept tioe nei l it reasonable lit,
an allah ,,of 4.53 is ret'om endn e tl sin'e it Pi hl' " t e tlU i you st :ba:l th full 4t5- tolt.
Wo lll litle i lfVll ; iv pribablied ift o gl will If va Oll he a re Ifl thllsn lhree, Illi Il't l is lfro O
still give You all expditious flight Path towfrd stat lol, ,tzrt the trn slightly before receiving
the station. T a y to reduce this alnghl toI - the tiliet-o.folte s so that you w ilot pass tileough (ht,v' e, it o v\ e rs h o o, t in g2 :is y o l, a lp p ro a c h t i lt b~e a mn is Ibe .lli in ito t i le O lp pO s.itt. q u a d r a n t . "]'ll e rt e 'l h o f

higula delid hitl V il Ilis secthe hi i o lild in the statik'o'n.idel sig iina will sl aile voi to

l ie i i a a ft ; -1 t ho if llt m aint i t e d t e 0red h i na t C it h ni llie th .a turox in lte lat i Iad for the tu r l to the
ao4 l nhale '.As oil y ) cmcha ltine I t ie brici l l)lean heading. Intit. g thi,, txll)le, igl) tead is alltVI's-colrie of the ati'gowaft. t lowevrag a45d angle of sglN. and eref ute ii iisintervoe!ti,11 i-s IIlOt di,-zil';tlbh : so its s)oon as• tho il).T e e o e l .;O l tsV IIltfrll'iltOl'p

sigmlal defiuitelyN indicates tile bi-sigiial zone, tiurn orw e 1ot st inie tti. in i ml v of_
tile air•'raft s.o as to inte rcept the dlesired bea ml at equatl inte'nsity, tur'n the airc'raft, to the p~ublishe.d
it 4.')ý ang/le. A s Vou a p p roacht'l tile. LU12t , the back - beani head ing . I u i g t i, u n g ~ ' h m n

?,l _)lh ,ilm glOV, Sl'.ll tl, n9 dtl ','~ t t o signals and execulte a nolrlliai] bats--iu instI'l-lnltllit

ihenatiiication signals ap•uraoach 8t1 equal level of turn to a heading. If yoii don't know the wind,
ifntesitv. tu rn to the published heaun ilead ing. Then, as soon

H''

Figure 16-1. Beam interception
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Figure 16-2. Beam .
following -

N A A

NEW HIEADING

- ASSUMi -1i$1 0 4ECOQIIIN TO HOLD ON COURSE NEW HEADINO 10 CONE

N Del"T OIRWLMINboi By OFF COURIN IN N GUADILANT.4, OFP-COUIU A SIGNAL CORRECT AGAIN bUt NOT SHAIPLY

43o INTIC111T CORRICT TO INTRCWT

A N

a.s the iving .- i'•r lev'l, mioiitor tihe unuidl sigii'l.s BEAM FOL._OWING
lto.-elv t(, rdeterimine the pIo.ition of the air'craft

relativ to the 1 t .tt lh,. t ' . I
q'le vo lim .itcr llýV Is i,( llcr ft ap b a heildling/, follow flt-l •. to) fi] t, tltion. Inl--

'oltii oit. hv tdj i '-t ',.g tpt v volisiii tconttol to iit' ill tte tailtiilft along t-ile track dltei iuifl ' v t,
i, ~~t~iti it cons•tant level. 11I~'ng from • (•,It rq~i imiid~ .signa.ls. Assmingz the• h,.limingZ indiv'atr to

I-alit signal. throttgh the higj-'i~lla zotIe, to tile be torrect, the oniv factor thlit vill causefl th, ittr-

utln-totii-t11t ielts, ill 1111 appilrent fade ill signaltuf to 14.1tyt tlhe ficappi 1" wiiuld. You tii ('111 It( Ike
,tringth. 'hip 1 is tite to the fact tihlt tih imkl(- winit-tIoft rle)ort' for the plirtiulitiitiir'itiniliJl i-
groilun(d signal, ii mio)notone, tecollie r predom(iniannt tilde its the, hbitsi, fori initiail •toile'titll Ilid
intl il 11(. t I iS tilit ileitI PS V it (htl-( lAdhi'lll •it it (W N lahiitiiug. )ftln tll' .iisii.ist 1iil hod i, to s'i III

ghitlil1. pr1 ob lh (if- fi(reciuu t W16 11 ii ,14 .liicomp iletr iitl
ID ilring allli t er e lllt~'',~ i x, the S-tationll i elit' ificarl- (1.h.'1l e l lii' i ciplll ovil l d •rift. sii,', l~l,. ilc,1 Iblis

tiui ý-iglial, iniglil Ih t bc i i.snilil 'l just i1s ,itll pi i ' ipi1N. Ibe vioir iir l ,sillt'. ii, ill siigl,-phlttit liir.-
tlhe t. Ii•A'(r . . 'lett lihiii Sii ' l of l t, ilitel siti l of phia ts, )ll r.1ii11 Iliiilkv it ' illt llill (')lletloill

t- VP, .o. uitiill, pllvidth.- tlh- nit.lv ll for. iS(t(gligii/i it• a ti'l lllo tli ,iti. tillt.
i"• " tile" Dl-('1i'.1t l)i' ll v lh' iltiil~l illt vrr-vp lolli, if YM)lI li•
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t l , will', fil i't til ti- til'. t'fl II, fl,.,11 ,1 I 1 t hil, ing o i 90 , Il t'i l' 1111 -1 t tf it'i fill it Ii, m liv o 'r t:)
-'I-( 'l'-'{'tiel! for' tilt- \,,ifi . If' .vo [ doll"'l kilUWl,%%, ~ l' II ~ fe '-w ierl'l{ il Ih~ l, V IiII- NOll• .

iNS- 1 d , n in k ,' f i t. l i 'n I t) f h ,i ml~ l - h , , ~ u .N lI ti ollII I l 1 114. I . ,e w , hl ,i ld i n g ilu t i l I hlw , •ig m l .lip l ill

I fhIld ,in ,, III 'I- •PI 1" lit"I. ,fli t ll' " . s lll il .\ vInl!'o l-A Y illilt I.Ic lfill-, IIIl-,,.all'i I I,. l, tfili, t o ff.. ml -s.ln \,,r. Ifa

'.I llii, , i+( i .'l ''.'lifii i' fil l- I 1111 i f .i Iii ilt ' :'I i, l ll t l lt , it'. il ir l, n tI t ll ' fil. l ' h if 'l .h f ,l

'- ,' ' I It I I% V tI I -I if' lth-1 11. 4 I - I 1r ,l %, '4 i111 1 '!111 11 "fit ltil tI ' I I ' 't• 't f''li.• t dp lii I it'll'I'•ltil i t' 'Ill ,'ll

",'if It'I''llli~ l' lh'i fir.ll- l -a'l ll~l. I l'l.:( • i ts l ll, 1 ,4 Ll il m Yo~•, ll -4If Y o'n l' 'i ll co l'llr l . i'll. I yfdi ilfIfi l 'l of lt

sigilnll il1li4h' .1 .p. !Ilint th(- 16, 11h I I' vvlf i•,'~'.?hot (p. 41 l I' mV r ff f-r i f i t I I Ifit 'l'tIi vv l~y m li llt ' Im g iI i- p 1 ' 14--

Il l i h, .h 1, 1 lt - I ,w ,l , i I 1 0l i I n g I I . . I I l 'l , lll 1 1 1 V o l ) ,ll i I I I I I ; I " .,ý l I ,; I I I- I . 'r i , -I i ( I t , d]} . , i r f -' l ' i i~ l I f 4 1i , t' , f i l l

I I I Il .• h p , i t I , -% I , , .: 1 , l 1 l , • ' %i , ' 1 1l1 1,, u . ! , l l i r - 4 l I - ,: , h ,A w h i -.l l ,i- P m.% l , l w u i g i li l l 1 , 1 ' r e v ~ l o l l % % 1, l l• i -

(.'r1ht (1) fli .f. I,,"ln "'I ll -,,ý r J'i•l.hll[ , s. i .lilivillt (wr I offhlt .•, If Ilitl, il •'lt ' (I v llva',. IhIlv

tc l ,if i .." o hl il c~ fli, ,.; t,'r '~ I wi. h .• l l ( 10 ' (1 ) 10}" ) , ill dl ,w n wll di , Ih i-s igi~ li l z ., ,' ill , f 'lv v l'I'v e lio ~ ll • % li io l

<, 1,4,r !, ,, ,o,-I , (11 '.1111"-41 :I. -1)( 11 :1- I,,I- ,i1Ih'. 4.11oli.g h , 11f it 1,11111.1's Olv Ill -l~ inll Iii-,-ii ld zolll .n ,
(.ll, .llii.,l; j., .• lrll flilil: ll-. .il~l .,ll` I)II , , li~~lll 'll ',lr.'i•l l-~lhil'i'. Illtflli,

Y amll li11 .,.. l llill.-- rl O wl -Ih ' ..i llail ,~ f'h ., y If ,, r, .f I hwl,% ,.11 , , 1 1111 'I., l i tI 'lll 1r ) ll-l l llllld)iý-Ilv'd Jl i l l 14l~-11 1

y v ' l' . l ý.ll . i f t i l t - v o rd l ' t 'O l m ~ l l . ' r i l l , m ,] g i ., l p s h l l ll i d i l l l i - i l ig I l l , i t f v ' \k I l l 'g r l ' -' ." d o w l W 11'l 1 1'i 1 . 1 6 '1 I hl , I i l i lv l -l ' l f f

v .; l l c , 1 : 1 111 1 t , I j i l t - I l ~ ~ ", ~,i- i lc h I I. ' f i ~ ll- ' a l l . I f Il lf l . d r f11' 1 " l <m ' I f , I h l I ll- ' mi . I l l l w % h e i l , I'g l l h i 'i l l . i f i l l* l l

I.,IN I IIý -1 , 111fl- IIIr , I~l'l- - 'lif 111141 111111111'1111 coflll' Il lll'•v h.ig..nill, to rn [o11 li v I tiliflilg w h'l ich w ill li,'-

!li. lli,'' III lilt I,. h li,,hlI. r ,
k -'olli hlIIl11 11g Il. flicl h 'liv il %iiding wvii 'lil l'l' {'tlll 11t1 i d~ii kii,,i if lil'nw-hilnl'l %%livIill-v.,' ' fill-

ý16-

CAl t h +, , ' ; l 1 !l l"ol'lii fi"t%1' ,, i 'l i I I'i ll i i IhI,. %iizi, i fl A-117"ll
_• ,•~~~flvrl fl~ill-1 hiliiloj , liwlillm lillt, iy lhlm .l vl' rlec!'ioill syst ('llll11 it'll) ly Illlif l y ~ll C'lilo Silly Oill

JMl ilt, o il-r'o llimi'. •i •l ll hm h lilt. li ',v ild in ,'ll sii• li l . VO.+ Im r 1), vi• 11 rill'l'u ctiolll o fl hv'+ IbiI nI !I '. \ 'I.l.V Y 4.1w

I i~ l l{ .I I '~ l' 't' 'l i+• l f, , I I )(I k l aW l l, I o % ll-v i l' s t I h i g i,. - l l l ' I ll il' th , h~ i -mi i l. lu l , A% 1 l l I ull. ( ll f'. m , i m i l l l i v' l i 'i t

11 dI 'm'' i l I w l ', l r til' t - h v., i, l l l h ' I l lh e i1 1 -i lll l l i o ft v o l -r l'l l l - b v .• I [ c 'h -1 1 r A % ( 1 1 ' .'N m i g l ll l ,

i t ' l l I 'l'-l t h ' |d \ \ 1 ', d h 'l i v l l i l l o i l t I th u ( 1 4 1 l li I .I . f r + I'( H I i h t , i v 'l l o l f o , l l o w i l i g . l i l ~ l , J i l l i i Hl 'lm l mlgml i t-ll ' l

."!l11111 flodl I1111 i'lh' Ill f.I i,.i , Vi'''iJld~ i• vi,r. ,11 i'r'-hlfi'' ll-' propeir filt'( oft l ,i'lt-v lll-ll'im' 11) ill-

fill, A rlf'' I l..• f l''. '1 1 v i hll .' l ha e f i 'l~l-'rl'l'f liall,+ Ilauli' SH11'I' I'~ 'l l n l( Ill Igl (-,lltll i~ llll l, ; 11 1 alll i l

Iw ]i 111-l llll',l f;) i'a- I llll fi'+r 'll v ll'.:wl ?4)ill fllf ill!h,' " ,.il~~l S1111111 or kidd~ing• 1, very poo I m-lll lilllillll.'

% I p I Ill •l'l lillt v-11111 4,Ii ll' Ow" l. \',1%'%,i l,•' .A ' :I IIf 11-1.'\v'it • I l'lw i'v I wit|I IIfll 11 lm i Il•,

1 1, itl1 ',1.ý, v4 Ill hl';tl'. I ll, Jll l.1,0i 1 -1'. 1 . l+ lil~l1, 1 'l Ilv, A• i liltl itl pl -i'm +'h1 livl H{ 1 ill H ll. I i , I 'l~l-l" 1 li1 - 'ill

:itn11 'ldlll fll',Mlil I flic' hl' lln hlvll~ lil•'g . • 1 ,•Il . ilt - build, I i ll 11 i,11 l illli~l-.1-1-ili rahft" .\dillsi lilt-,

I~~~lll~ "+i l'l f II I ,iih11 u,-01 imll h i,;illlil• iv d wii v dillll ll o n'l lill ii 'lll ll'l ' i i . I i i l l, i' l' ll -

I nkiii .i!', i . h ,, r I If-, , l+ i u l l i i i : I . III N V . , I'' 11 1''• I-li l, 0 111.1iil r' l 'lib i ftl" il ' i ''l ' i pi -i, ft~ il l" -

II, lih il i, fia i ;i II , i. Int i~iri- I ,n- xif,' iiiii i, ri~if %,m Iow ;I V l 'ill,. Ililm h, ,r tiv il livi 'l ' Ivl v ll i f) I• jlH1u i

1 hL ','11- .lil% %I w \\ Ii I.% l • i i ! l il , • 1 i , m gii IiV'Ii-l- p'l~ l , Il vi i i, . i, Ill , l lit, : i oni l , Iti-i'l1 I lli' v.llllilitl

1ll'l - • 1 l i i,iv' ll ,,. 1 " i y I''l-'lll•iv i ,l'~ t ii ll o ~l pl' "11 i

I I r ifI w' I'Iij , I Vti "h 1l-4 I1,j-I l'I'I'I I,\ l' I'i h h~ii i

+.+Ili-_ , Ill , ,ol A+ , ,,, : ,
S (,%'o il I ll ml ,..g ll I i; I •'l l ,• • lt • lll:-, I gi U I i 'lil

',- flit, -' ,Jillhi

h vl r':iiu ~I l lit'11 -1 , I -i, ' lllilill(' , i1111 il l il I I.%,

P IS 1 6 -



ALL-WEATHER FLIGHT MANUAL
NAVAER O0-8OT-60

closti to tile Station~. I'ri aircrt ft receiving nitt- (2 _N1
tt'uma is directional ard will pick up the signal I
froni the ligh-wiil side of the tillri. 'I'his will

'9iv l t ill C vr1,110111 1I ind ict.tion of p~osition, F u'trther'-

Ilttl 't i fcmlll.ýio llil.y rtestlt fromi large. cortvcti tollI

angle... if Voi S.houl(d Ims. the .-tuIioi at thltt time.
All rtxcelle-nt uile of thullmTb for banking oi corrve-
Stios is to keep th le degree of bank at or below tlhe
""desired ait1itoltit of t1'tn-that is, for a 20' turn,
iuie 20• of hInk .h's.: for ;t 10' turn, usf- 1W of A -A
banlk (r],.I , e ('. i-

ORIENTATION PROCEDURES I
''1"1e I'allgl. lh r. u . jllý di, 'u .•' are' for I

sitilttio • wlt.. t yo kt- i w l v- r itiitiitl liomiti lo ill
,'lht ion to the rilige Nstatiol,. Now cotisidter thet!
liliviltilioll p roct-dlrel't, o beI• Imi d'' w hlen y ' l doll'tN

tlillwtit r I tow yiI lt ithllit to flio ui pe I'ltigt sil ot ito t,

ttviotil,'. VYon 'htlill be thomtoltghly ftiutilitlt
%%ill, tllpso lil'orm iv's,. '111110 lillet, t l Y ll will Figure 16-3. The fade 90 orientation
1% IIAIVfli~vll•'•l• Io- wiil I)lomal]li' ort'iir dtri.ift li-
vidcl of vu'v Iilv il tin li'tt pr ibab \v1l)welfl .I,,ut v conditions are. Iltivu.rm . imll miring• rIldio ýil i ld l e oil r c6 ig aleils 1 W
111't jlll ,• Il~ldti(H fIII iirgolill-tl. of il{l-•f d', fid al O t N', t.Xlwritvilce ha., lpr()ell thlat it, ]h .4 adh'altagem _
(t.111 ii ' edil~liliclt I''OI f ()l'- i~ ll'th Iiii-vilif to l alstotllIl o irr oilier lillthlod.• alul that if vo(,u know this •

•i ti'eto1ti thiln'illghily. yoi'(ii 1 11-44s it for inly situtlt-
Sr•u c'h conlditio ns,•. o ivlfi tg Y olz. , 4Ifr. l lf i t , tin, In ge netral, here is how this system works.

MIh O V I V. !l i ) W -hi b h . ' t i . i. J JI b V i l vll )( T I&ti itt I t 'i 1' I. l " i g it t l ,'e 1 ( ;- :; 1'o 0 1 S e e ( t .C a s e o f a . p i l o t W h o
of na tiikilf' fil r l ormetlifbtt'nlt eis. ,orboth. fil.d hittisif ill lilt- N svctot of (hi, rang . ]'osi-
eYdiii ,'-olli tll lhili nittio ' it h il oivit ullittoti pro- fli, 1, 2, ;i. i•id -1 rt';u .Mv It typical poslitions 1td . van Own l i tllo 1 1. lif , in t1 , Ii. ilt] ftu i which l nav ot

,'t'lit it ra•lxl. h't.g. Ill flYilg froil ally one of flht'sm
I'l'Jc o.!tlh., ' i' t (limli ]t'r el'lll' ll'v' .f !I ll {i I/. pIg jlliK , III' first St

ep is . t ti' dlett,1iujutil, V 11h 90 IIv ilvllhI (11o -11 Ilid div ()I- M ofI vyJ~ a Ow. ý-Igilll i., fildilig or buihlding,.. If it.
i., foiling, Iev iý Ili 3 ofr 4. lIhe exetitle,• a I8W 11 to,11i l v t il t -l ii ' , I i t i,f i t, .. 1l l l i ,.i hl cl it o I I II I , ' t l i o l lt 1. w i o mii i a t i t- l e g .

mit, I Owiti httiiitittti 
Ioilnifii hi , wii find lv kitg rhis rve%'rst l oif 'oiisi'. ]iv is il t'li.f i l i h' l l llm if Il lf lT.1 l1 ll11' I ' , A ftl( '1111

( u dl -I I I - ' l l ]l Ij m • : i l i o l l il l l l l I~ildl l ) \ l w i l l t l lw i l ! i ; l l i v " . 1") I l 4 )l o . ".i l ilo Il i a s I f " h Ie h a d I I v u, i~ a t I o r ' •

1 1 " 1 4: 1.1l fi l l l I l l f il l l lf h ,i l l , h i c h.} f o • l •lo r r i -v ll l f h1 1 1 11ll U .l t b , I l , i m < : l i p l , , m c 'h i l ltg 1 I '~ ll l -r , 1 ( ,g w ,' i c h h et
6 1011. I h6 1" w i 1 4HI, • . v i.l i t ll 1 y fli ' ll. 1 1 lill l el l 1l lw tfi llll " %% i ll id hi-w i fY ji f ie rl Ilim k in lg it 9 0{ ' " ri' i.l ; n i ii1 1 n II o nl
Ihol, w%(I ý% Ill 1-ri- lyII--1.1 III vv~vi'v Pl..' u flighit hillf-rl-ce d loll. l'v ilvinll 11 Iliq.l- or lwladlil/.; III. w ill
111:1i l l,' lih, 11 I, H)I I)Ill-l. \' Nk 1.,W 1d 11 , ir11f4,y'vold . il ,f) '{r ;X ilII .t(,,ly It)" (.{lc illl-N t:.5" o n1

dPt A Si111li'll 1,11p'IIII/,I' HIiIllorv'( mI lvý:s 11hl1l flinf oill fill-

T H E FA D E 90 Itll,,, shtltitth iitg). IfI hl, ti11its lil to li- A
I, lolt 3, (or it• ()ltm illiiivhutll flt,iil lilth ni iosilte

'I'hiv i m sll%, p vm i-H oit'or iimY (vhvi ill- IIII11 (A'll~l ltll' . 1 Il l' s ( ll o~, Il i l { IH'(l i.<-All ()l'il'llllif l 0 11

+' @ ]"• !•" 1"'<1 I h tl •;lu m •l~ ~l I '¢ • r~rl fl ~ lill~l~ 'd •' ,I~l ti ]11 I',Illi s' I li'l. I i.l III.1
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Now, consider the proledure more speci tically.
1-lere is what you do.

1. Select, properly tune, and identify the
radio facility being used.

-2. Refer to the proper chart and determine
the average bisector heading of the quadrant sig-
nal being received. Turn the aircraft to the bi-
sector heading nearest the present heading. Note
the time. Now you know that the aircraft canl
inte'r'sect only onie of two possible beam courses
which bound the quadrant the aircra ft is in.

3. While flying this heading. carefully
- -lllitlyze the signal. Assumne, for example, that you
a;e ill an a|bsolutlev clear qiuadrant. Turn the
%-ol 41nt. relati'vel, l low. "'lhis is best acconi plished
b)y turnin ing the volume to all inaudible level, then
carefully increa-ing the volame to a minimum dis- Figure 16--4. Closlo-in procedure
tinguishable level. This will help you recognize
a change in signal strength. If you get a fade in
signal. reverse course- without changing the vol- problem is to determine which of the two possible
Ji le. anldl check the fade w\ith a build n • n(a 4 COlIl'-es you \vil! cross.
in Figure 1eG-.1). In this case. von should back- 4. Continue the proper bisector heading until
t'ack, at least the length of time you flew to estab- vo'i have intersected one of the two possible bearns,
lish a fade, before expecting much build. If, on (See Figure 164-3.)
establ ishli g thie Initial course, yon get a bu ild, re- 5. At the first off-course signal after passing
(duce the volume again (.""1 and 2). Continue on through the beam, make a 9to° turn to the right.
coiir,'. mid check with another build. W'hen you ] f you are inbound from the north N sector and
1v11%ye dne thiiis, hou have established the identity You re-intercept the beam when you cross it and
of tih quadrant in which you are flying. turn right, you know that you are on the north-

If, onl initial orientation, you find yourself in east course (#1). IIowvever, if you make the 90(
a Iti-,i n i zone, the pirocedure for selecting a bi- right turn lnd then get a fade in background on-
sect or Ihaedinnig in the same; blcwever, you should (courrse signal aind atn increasingly predominant A
set the volume so that the N\tiaker signal is at its signal, you have established Vour position its har.
lowe-t audtiible level. '1hi., situation will permit ing cr,.ssed the northwest course (42). After you
you to determine more readily wh-ther you're identify the course, the next step is to return to it

goilig toward o1' away from 1i range course. You iniound toward the station. Upon recognizing
reniieilier that in flying away from a beam, the the northwest course, however, you should con-

st ation ide(itifietition from the opposite quadra t tie on your heing for approximately one
ii nwiitte before attempting to re-intercept the in-ltI(',,li,, wfriker. When flying toward a beama, the buu omeboundl ca -.-e.

oltpl (it i (Ildrilit station identification becomes

st.•omger. () i eniteriing the ont coise beatmll, the AdvantagesIj t) (lent hinitlull signalts becomiie iial. Ilii acldi- 1. T'hie systeni will wor'k on any anige pat-
tioli to tlis, you lhouild also ilmiiilyze the rellative tern.

ch'an:111ge of til le igiiuiiil oni-COtil'5e sigll iii rela- . Q•ldlrlllt inliiigilit v is solved Fargely by
tioli to tile qiidmuh'lit 6gilal Ililig recviý'e ed. l),n't sigiiml chiamige 11n1d not l)N t,)tll *'diiiiii. Signiil
fail to notice what lihu tlie over-all Pgniial is build- iiitlysis is simpler anid quicker. '[lie system
lug ',r fmhillig. 111 i'll il•i 'cevs, t tlell, 'vonl Call tell is n ,•%iltagceo ns w l)ii stnti, iiiterfere: with radioa
whl,, iy i Ii'c ijhliouil)o. Thc next pilith e of the Iccct t ioll.
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3. It i. ahiwavs (1otlpleted with aircraft 'lose-iu procedure shlould be u-ed to plhce the air-
hedded toward statlionl. criift oil the desired colure of tle rlalge. In eitherl

4. ["4xCept on extreme arige patterns. all hea(d- .ase, turn to the 4 iltbtunildl heading of tile dlesired

e.lore t i-.,*-etoI t iheadlilngs. rbhey xre prinited oi hIt and hold this heading until the .ignal flde
the charts iin the -i'llot s I lildbook" seriCp (of polh. giV'es as.silillie that tit- sttitiol is lehilid. Then
licamionsý for that .,,rationl. imake cOIrecti~l t- 1111t fthe tircra11ft MI Cour1se, 311d

follow lormal lpocedures for the rest of the initial

Disadvantages atlplpr.

1. It iay take too long to recognize build or T'le need to uIse tile close-ill procedlire luist be
fade if the .trifrt lg point is in the clehi signal deter'mined before ;my interception of the ott-

C0,,1e. '((,,,'. is tail,'. If yot hl ve beetI flyitIg a clear
1.plil 41(t 1:Itptterni distortion due to fillthldillit, the sigutls you receive before ott-course

high wv d.l ila v caulse cotnfusiotn, particularly oil interception will indicate how close to the station
it 5(i55015 trtziyo vN- will be Miheni -'oIl make the intercepltion. If

;, Ill timilratis of L2 r, towt. ii,.,h wiids vio have reuailed withit tihe lhau sigtal area
1Ma V (1'i l- l f c tlf (lis o , til, the titI to identify leg. for aI li ip te'ialble titni whild. nuiaking exev ital itl-
(Such circuinstances., however, would probhaly be ilstlilt. for voltime builds, yiout should know that
kliuoti tmd allowance maide fot' them. VYl.t \\'ill itetlcp)t the (il-CtOFeS close to the sta-

4. Whein interception is close to station, (lose, tion. Fle longer you swnd i, the clear qurintat

in procedire b. preferable, Iltid the greater the nitllJmer of volune tdjttstnuent s
NoI llt ike, tfit, closer \oil \iiI ll tI 1 lite statioll
when interception is made. Ill determinitig that

CLOSE-IN PROCEDURE tile airurcrift will pass close to tile statiuti (that is,
if\oil enter an on-couirse fromi ;I cleatr signl iteS~~~~~If the orielltaitionl termlinatte, elo.ý;e tn' the sit.- i e[Pl~l ilO ellN rllaCe~'bgll ~

if, t ifhe orietit ~ttoial ~m ~ti til of ra,,e .oth se at with little or no bi-sigival, pii4s throungh 2 beams
'~~ tioln or if tile iiitlial inteitnpt olou of ati'corC

i, made to chlose to the ,atmion to perbit normal before completing tile 91' tullt'l. (it receive at clear

be;tm ittercelutiim, mid the pilot knows it, tihe oplposite ((ladintnt signal rig•1t after cros.tig tile
cole of silence), yoll should cotlidei ( yourself
"close iln" and ilmtedilltely turn to a heading par-
allel to the de.-ired course. ( See Figure 16-4.)

O-nce you have established a lellling pitlrllelp _to tilie diesire -ourse", you iiotnl l111y don'lt hakve to
fly ouithbounid holtger tlhal le Itulittlet be-forl'e tttt'tu-

ilig to inter('ce)t the oll-coulle. 'I.livtl. T ter 'el~t ioll
angle shoiild be greit enouniggh to lnlikv lrnu'e-,
thwulrd tile desilid ('(il le. Norlt llv 45? will
"suiRlice. After intercelption, iutt not less thlit !woI" tiltlilites froml the stsktiit olt, Il1lkv ia l )l'u(1 lll'e t (1111'11
and utx'ed to the stiition. Itt-ietilbete thtt til'

g9 o A A litlie split ii'fi•rlliltig 1 ,'hisi'-it jol- lt'edlre, will
4 plrl)lolngr Vor lip -ow l 11'] therefore, I IY to isitI

.so,)llld tut hnit lles i llt t ll g )tO'l jP(uI lltlten ll (ill 1is pro-

iculitit', to (. lltttiat the juoS-t~t,ih ut N ftakIliri toot

N
ON-COURSE ORIENTATION

- If tile tl 'aft is ill tille "o -colie-s''" \vliel' ai

(tille i: thle ItItl ., pmetforttm itll -ott th ltin l l"-or,
Figure 16-5. On -course orientation eltat ioll. (See ]"gitli' 165

16-7
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ideririv t l tiv e log. 'i'liv four exalliphl . i:n I'igli'
APP PRO(COUR(-IUSN.

, ,,,, ,-- . ,,. *,, 16-I show you the proper tur's to make after you
-,t,. P .. Me,,u,,4, ' I,,nitiy, tle. leg.

' . LF/MF RANGE APPROACHES1 " .330 .' Before considherinig 1IFMF r ang ill)-/.... x io -oa't•" I~rs)a,.11 ,, cl 'k t ti f IhloNing r1 udlo' n 1 of basic

A.1ll l;t;tfil .. ppr'oaeh to the airport is mnude
•co over s-Iw 'iftied leg-s or rolites front a le:;'alle lix

"" ithiri 2o oinles of the facility. It rilay irnlude
:.:' .,; : ],letIdown fro ll llilrilIll en route altitude to a

- ,ooSli ied level (high cone).
. oitt/, is :1 let dt iwo l rtocediuhrr bet wren two

I, ........ lixes oi.r lIving a pattern similar to tile ra,'e-t rack
. . .•. IC. , -.,. , . lio ig II kttel I i at it distalice from tile ma it ioi

"Zr...~.......'. .while lettinig down before initial approach.
/C... Iho/di..q ,lit .NuuA 'n q involve tiinIng a race-

.. .. - i ftrack iatteri at it certain alitude. Stacking is
- " -• •llmIllling but holding" while waliling to b clea(hred to(

S. . ho ready for ati approach. Both are waiting

7 .A Lctdovwn from iInitial approach altitude to
final aplpoachn usualhI consists of intercepting ai

-. presiribed range leg. flying outbound to a certainn
AL 34 I > . .. .• p1)oi01t, niraking a i1o I ,CNurre turIn, ari heading back

:,, ' , . toward the station.
NAS PI-,Lnt, .-1 'iial .Approacwh begins at the end of tho

.. .... ... ............. proce(lure turn arld ewl's wlhen the aircraft i.•
........ , .... ..................... landed o" Isel apprach procedures are begun.

If all aircraft rnacles tile milnlilnurnur alt it ide for

Figure 16-6. Standard instrument approach tile fihld anid tile 1lanhding cannot he .orrllpleted, a
procedure nliw-sed approinlh plroedlrle is rest•'vihvd.

\f,i(/alI/•ld I hotfie/ni'l ct . I p)/nua~(] iiI'101) dt(lf I.t

0r1' lr),re'o.iIle(l for, el(' v field. r'lihee are fotuitl

in tl' lii 1"- I ISN I.' u,' i t . I/.,/f ' l I'roct-

Make a tIunin irii dIld Itelv to thIle (,Ihcst Ilseivtor tI'/ (,, / 'art. booklets, where the nit iturdes will
1,rli llg ; Ifjl\ ,Ii l l- t. "W h,,n v ito r,-tCie 'a t it i'iulil.s s fo r the lprio d c lrre na plica he to the p ar-

firt li otiuse siffialc, y lll ,':ili t l: iin:t r, egs ] liiilar ltol ll.' ,1,I aiv. Ytll iis,1 l:ýt 11i, il;it;1
of thle ]%lln•r i. 'I'ieri 1ii:11W :1 9" ' ti ' r u to t he left if; V(iI. ai'rcraft fonr voill f il tinatiour.
:iiil t] ,u \i i]I ,,l\.v ihlt f i ,h• " w c

I tStation Location and Initial Approach
,'lipl is !ii) litw' lie otim-i, ilil ri t' .iii N TIIit iiiill :i l l l-p wail l, t l c sit ionl is Iinelc

sirl; I!, is sIdr \wr ill |i '' l i 6ri' It /. 'I'lIl w)!tv ',,, titer l1,i~iflI i'(iisi'-. uisihlilv r';llzsr t
t'10ts. (o -

Ip lac't' ý\Il.v• ;::I i r f c,', lhld IIL\ o ll O l-t It-i{' ll oi~l i ] V l{ ~ l 111111';11}• ] 1 '1 l dt(III 'lvld ;el file

a ill- ljo•liemit iit i , ] lls A (', rL0 :ill it e ide. ll nc •llnutille• Oll , : l ll f
Our Ii. 'J i'i llllm li;itelt ef livrmiliiites4 Itullp ' Ijtllo :ist of letilt n iilratI. ivI' v initial IllllllIolllh. 'lI'l ri,
:tIII till, :{lllkvH :l'-iIvl'g-. A 9H) t!.!'li ff, , l i,,f't O w•n m e vlelft, .h lvlt ý:{. Ito fil, 'IlIti:11 ýIpjw o~rm 'h.-• .
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. "'v[ uIi iu tlit',-, out . ý-el I I t I ; Ils.-; tg ytý h T'l le .k, Iv kIf :3 1 v! k , N IIt I Ivh It' t = \it I't a I N A m\ vt

post,,t ll,II tilte, aht it dki, e.t illat ed tline ov'er the tile rmhoi tralililuitter, isa: zolne III vltich nlosignial

hii-h, ,4,11c', illll rI'tllh'st Ill"T -. e:11'atlce for lippln'cm h is rtce'iv¢ed. Cert':'tli detlnitt' ('1:11r:t ter'istles ind(i-

antI ,.i.. ing ethl • t.l th r. te,':t t, pi'o xiii tv. II tile 'iltnithv of tile stitthl.

"_2. ort ( fi'll It,\\"l thit, la:t leg totihflt , ,tie. t elrei is a rapidl illt'el't, ill vultume. (Sev F•'igu•'e

If \-)u do this .atefuillY. you \%ill lh:untt a hut al-iut 1I6 7.) Th,'' on•-vout, zolt, hiecouieS extiemnely

the iuli durtintig tills ptocs•.. \\Il hi, lttly iheIp ll intirIItw (.'il feet) a.s d(lit) tle iiglit autd hi--ignal

;intell sta t'_-rI, . illal.1.. ).e'atu.-e of tih narirow signaul zone, the

1 .. "',tait' tult idlit ifv I he - :t :Itio t staktion 11 siglial etI . ges alidly..
1 s..Ie. I (,rI( is flit, eqijlivtle (if events dutning staitti,:

ft .I ,ll I ,-,, i lt i c i )l, l ,'te ,> iu t Il t ie ;;Iv i :t<-;I, . W itlil ap Itt\'IIi :i1v1Nil,: v o l i tniij ti t, ,f the

vl'h:i .dl, v(n 1 ill -'gin t lht1! v IhIfI\ to tiIuIl iII- II, t lit ,Ii , Itl mI te;L Ir:lid ,igiial , 1ihIlt. The rate at

IIIt : I. If';t a ' ilea a'; ilu't L tali ,t 14' V gi I NtnI t I I :liV N\ iIh the k ign vl bbt1ld.- i c'l't. 1l:t' .S ,I. I" the ztti t i 1

lie ileteil hi llhod iln ti lot'nt td to ati :tlltein:tti. is i1 ul-tmilltil. DIuring Vtils plrlml. yto keelp ote
T ilt' 11,11t,,111:11 It '1t1i ll Tilt, initi a;l :1i 1l oa~lt,'h lii+!!l )ll lithe Nlh lline ,'onfll ,l t(I nIs intainl a .o el~lst~llt

r iitto v ii, vet Iti-e,'I--l - lie V d tiii ohef fluek \hliutie lfvel. teight( att lie• , thewilete is .I sitloge
sk<ltit~ll by. tcvcogitionu of ole tone. tf w, thou the sigilal fiudes ont cinnletely.

iLei~kiull retiiirl ;tgaiili with Ii 4lit'-ge. then fades
Cone R.,cognition nli1rt, rapidly,.

'T le .,' ,Il del 'iiit' .etoii. :tajlti,'tI lutcatit, ()it the 'lii, set'lulie tif iuelits't't tu ,.' l shi di-

til,ii, I ting; e i >tall:hitiou i• the -olia tof silen e. l't' lv tlut-titgh the c'lie of sIltvtilt'. 'lit s tS 0Iltt-

CONE OF SILENC R

radio :0I SIGNAL

Z --S.,

, _/

Figure 16-7. Cone of silence
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A ~N 'I A

A I
Figure 16-8. Determining station passage without passing through the cone

-thing that "o should mnake every elfort. to do and 40,0)0ttt feet it may takke two ort more tijlntes to
tei iIti -it JIZISSl tl tiili tolie, :týIllil ottý- tl vol." ~ ~ ~~l;tha* voul Lan do if .%(It luv.e proper tec}hilique al~lil pas~s thi'nh ý l,.r~,:,.ni•yuke)tevi

"A jiiltttillit III w:icketitlg lefre t:iti on pass.,lge. tlulne at ai comifortalbue level tintil xon rlecor lize ai
I Iiow evevI, pwositive stat ioll ideltit hieatioli is 1 .ssihl fade il voliuie l inldicalting station Ias'sage. I Ior
without j:lssing hbrouglig the colle. (See Figiure precisiot 1itil'igwition voul t1ist lise t'olli, ittethod of
I16-S..) .\ rapid signal biuild, ali, ilwc'ellse i lelr station pllmýnl/ze So thai yol (.111 obtai~l, anl exact

nevsS of thie clear signa nl. aind very vitirow bi-signal tite ovel the station. Onive mnethod is to note the
iaiid on-cours-Se signal zones itte itidcatiots, of close tiue wIltWh tilt' fateIt stirtis llS 1111(l tlltti agaill NV'lt
l%'.oximtitl to tlhe ,.tatiol. If w., are U-lierly patrrul- Volt hear the signa:l. I)ivide the el:lised tin.e by
lel to tle beamti heading in a clear zone anid get ait wvo to determine the centter of the ltone. Anotlher
very brief (1 or 2 second) on-course signal fol- method is to keep the voluite it it cotnifortablde
lowed by i reversal of thlie clear signal, yoi have level by giradually increasi• ig it as you enter tile

iiprobably passed the stilt ion. Check it by mnaking (m1e of sileilce. Ileiletl)er thitlt it i~tiy tike Ul)p"tI check turiin 1111(1 tlyzitig tle sigtni clnge, to th lire tuijililtes a fter station passaige before vyou
V'S (il il5 tlgZ the cone, thlert' is it te'ersill in sig- 1111 reie'.lgtize i' fittaid ill voliiill'. lo save tillie,

will. -ut can check the cone by miiking it turn inaklte station pilssflge definite anid Ioil wil! need
atnd determininig if the proper sigtal chantge Ie- no final check.
suits. ):ie of the Iltost itilpo)talt cotitribu li ug An other ,lc ethod1 of recogn i izinig stat ion pas-
f:.'tors to sl,'.(eSsf Il~l coile hovit iol isp lroper vohllle sago utilize, the stattion Z-i,.rker. If 11•io iiii-,cr1ft

coittol hlle alpiireuiit size (If tIhe (nile depenlds is e(lluipped with :a M:aIretr lIve:oii Rceiver, til

directly oil lt'e :iiotit of vi•lume u.tted (see Fig- toirketr beacon light glues on whenl the ai'rcrft is

i're 16-9), So uloi0't allow tilt' V]uttne to bu.ild 11) witMiit tillt Zol'e of tin' Z-arliker signal. In nlio--t
whltcl 6OS4v to tlhe stiltl ion, :is this will nIIaIIrow the Ilnt lketl' lwtcoill ilst;llliltti lls, llt'l'e is i11iso in llauill

c., antid itiiike it tlifliciilt ro recognize. Iii addi- Z-nairker signal. You rli t'cowLlize it 1a h-
tiol, ite. v' oul l •,til~e stillin,th tilt lde i irb.h .r r pitcvled h, unIl, which| i nc ''l e .,e ill vo ll i Iume tlt,s h
to detect if thle 'oilui.e ., high. ()It tile othe'r I.ircrtlift tlpp ollclies the sAition,, Ilowevvl', Voll

111111d, dou'l l't 1 he volume Io w l.. volllhi ,i ill 'thu hr'lv re it to give a l point posit loll
(.;Il be ,.1~isl, dlig¢ \vwh ll ip roll~chlig/ tile coile b~e- its lei•l g il'rectlv ov ,i'l-t e Staitn1.

Ci'tls5e aIINl fitls-t finIe will itppeit't to bl it stillion

jlssIlgi', .iliid hebttii filhIwintig will Ill'ort' diliit -h. Preparation for Letdown

The tliltil tit' itt whiith .vt o ll t' Ilyivnig itiso If the ranlg'e stiltinn is ,issoi-litteil witlit yout
HIl~ldes II, di 'vi-l' e {• ill coml. r'eco-Illilioll. ]Ill Fig- (iestin, ntio,0 . N(oll l11s,lllt prlepar~le forl the hlefhown.
Int, lI-7-..lo e thi lt , s lmp ,fi the cw.u, (f sihvil'e at 'Ililing Sltart, fr'nin the high c n,', . ('hec'k thiv tiIIe.
hi~lwvle' ttit~w l, ts. Th, v widtht (f tilt,- r~ i, )f ý,ih,,ICl,, djus.t i ixtilles ric'h, redlure Ip.wer, :111d sta.rt k
:itl hiii h ultltiudes imikv6 t'uvogntitimi of sttitton p]ms- lllt'n to Interc'•ept the letdown hleg, ('ti~ll fIv stitti it
s~lgv A~y. .t 211poo) feet it 1tl11t" take lp 14) ow, Ili|d giveyvouvlposition report (Juisitioll. tilie. Find
lilu ti , 11) 11 dif\ lrmi h tile voleiH ()f siflt,.,',. .A t :ltitjlde(). 11141TVrIe t 0hV IIIIlt'OMl,('leg :111. d hr1-LC(t<'~ t•
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outbound. Finally, you nmake the letdown, as dis- tions are encountered--conditions such as severe
cussd later. icing, turbulence, or loss of an engine.

"6. When entering and departing from holding

VOICE REPORTS points.
7. When pulling tip on a missed approach.

The increasing amountt of traffic oil the radio 8. When leaving an assigne(l altitude.
range network has ma(le correct voice l)rocelure
imperative. Since the location of all aircraft must HOLDING
be accurately reported, there is a tremlen(lous bur-
den on communication facilities. You,.an ease this One of the disadvantages inherent in the

-• burden b1 using correct voice procedures and nink- LF..i'MF range network is the limited number of
ing voice reports promli)tly. I)ecide what to illn beams, or navygation channels. During instru-
clude in the report before (commnenciing transulis- nient conditions, there are not enough navigation
sion. Follow the slecifii'd Iequence of position and letdown channels to handle all the traffic, so
reports-po.ition, tim,,, altitude. D)oni't initiate holding is used. Holding is a procedure for nie-
unnecessary cflls for information available from thodically delaying aircraft until the range facili-
other sources. ties are available for use. Holding en route is

Here are some of the more important voice often necessary to provide aircraft separation.
rel)orts. Failure to inake them may add to tho Holding at the destination while awaiting turn
comi'iiuiiications l0ad. increase traffic delays, and for letdown is known as stacking. The holding
result in disciplinary action against the offenders. poinet must be a definite fix. Holding points, there-

1 Position reIorts over comptulsory reorting fore, are limited to (1) the station or cone, (2) fan
. points, or points named in the clearance, markers, and (3) range intersections.

"2. When the estimated time of arrival over
the reporting point changes more than three Holding Pafern
minutes. The stan,lard holding pattern is to follow the

3. When a change in flight, plan is anticipated specified course inbound to the holding fix, make
or desired. a 1800 standard rate turn to the right, fly straight

4. When directed to report. course outbound from the holding fix for two min-
5. When unexpected or unusual flight condi, utes, parallel to the range leg, make another 1800

S__ Figure 16-9. Volume control affects the apparent size of the cone

-J..
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standard rate turn to the right. and again follow Direction Finding
the specified cours.e inbound. When you're hol- ilildi g pI-oced res in -olvi ig rudio direction
ing at a fan marker and receive instructions from finding equipment are often used. They are
approach control specifying the time of departure c -o-ered in ('hapter 18.

from the holding p)oint. adjust your flight path to
depart from the marker. inhound. at the exact time Timing the Holding Pattern
specified. You can dothis by shortening or length- The iirial holing pattern, Us stated, in-
ening the holding pattern within the limits of the yolves two-minute courses in each direction. With
holding clearance. All turns required in connec- standard rate (30 ..isec.) turns, each turn takes 1
tion with entry or exit from the holding pattern minute. Therefore the entire. pattern takes 6
should be mrade on the saame side of the range. leg miinutes with standard tLulrs. Ii ,rder to depart
oin which the pattern is to be established. from tile holding Iptterl at the propl'r tiloc ainl(l

Because of geographical or traffic restrictions, 1 place, adjust this time !y shortening ,r lengthien-
the standard holding pattern is not always feasible ing the straight courses. 'T'his stanidard pattern is
in certain locations. Any variation from the pat- called a two-miniute pattern ill the holding instr c-
terl will result in a non-standard holding pattern. tions. A ,lie-Illililite )atiteril lses one-lu litute

Norniai v all non-staidard holding patterns are straight, courses.
shown in the Iadio Facility Charts. On blow-
tIl) chirts both standard and non-standard are THE SHUTTLEshown. Alwavy:i follow a standard lVolding pat-
tern uie,.- instructted otherwise. 'fia. variations A shuttle is a holding pattern used foi the

0wil be i, time of legs or direction f t-urns. purpose of losing altituide before descelit on the

fimil approach leg. AVWhere specitied in a proce-
Eidure, the shuttle leg is designated and so is the

If you are inbound to the station oil the hold- altitude to be reached before crossing the station
ing course, simply colnl:eln-e the first turn of the and proceeding out the fiiial app-roach leg. ' AWhen
holding patteri when over the station. If you a shuttle is necessary but not specified, aircraft
are on another heading, flt iuihoincl oil the range may shuttle on the final approach leg.
leg from the holding fix specified. Then l)roceed The shuttle pattern normally is a descending
(outbound onl the range course from the holding (500 feet per minute) standard holding lpattern.
fix for one nilliiite, iiake ai procedure turn, follow Three thousand feet of altitude is the maximum
the spec'ified co(lrse ilhloillid, a111( collillielice hold- that can ibe lost il o01e comnplete pattern. You can
ing pattern over the station. (See Figure 16-10.) shorten the shuttle if the altitude to he lost is less

than 3.000 feet, or you can relpeat it until the

desired altiti~de hlss is effected. WA'hen you have
reacied the desired altitude, proceed to the station

and iiake a stintilrd instrument letdown.

I . LETDOWN
",LO•N N.1 ,,o ... Te letdown inust be inade ill acc'ordlance with

--- the clearance givena tin liiiiiimlis established.
: ,• A fter locating tile stattio)n, c'hec'k the tim e over

S1.t.Ile station, adjust mi xtuires (ric(h). reduce power,

Mo,,,,,IJ 9IN, i I start the tulrn to intercep)t tlih letdown leg, and

SI \gIve yoilr p•,stion report to the radio station. The
('herk-oil list. is norliallv v-eclited at this tilne.

I _....... .. _'......& 'ake ilp ) it307 intercelpt angle to the letd(own leg.
Figure 16-10. Entering holding pattern intercept the leg. turn to the published leg head-
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inug and bracket outbound, letting down as neces-
sitr vandu as cleare d. ( lwk niinimui'ins and (10 not
let downii below lheni. ThI'ie letdown outbound de-
p)en(ls oil the wind and the amount of altitude You
have to lose.

PROCEDURE TURNS

k ft e' a let (lo\V- ii.outlthoiid, you have to reverse
comise. to return to the station and to the field.
You cnn (1o this most satisfactorily by means of

It ',,' tileto'1". TIhis inlvo 'es getting far

enough oil the on-course to efte't ia 1ý00 standard
rate t011in. returning to the leg, and bracketing in-
bou)nnd. With no wvind, a turn of 45' from thIe on-
course hielidin•, hehld for I1 minu1te, wvill allow suffi- \
cient roonm to co: nplete the lS02 t urn and to turn I
iinbound ~on thielet-down ileg. V'!renetirc procedure
tw,'r, shoth! hr modified mr the cf]fert of the wind. Figure 16-1!. 60 second or one-minute type of

It is de.tir alle to make the p)roc'edure turn in level turn
"flight.

11vhe proc(edure turn just described is called
the 60-second or onie-iinute type, and is shown in
Figure 11. Another tye which is sometimesfor that station. Usually procedure

iused :- the S.O t reversenent type shown in Fiso ure turns are made to the left from the outbound range

16-12. Here are the characteristics and tuses of course, but terrain or other considerations may
both these types. require right turns to be specified at some stations.

" d TThe procedure turn must be accomplished within-, •-.Qcror,md Tyi.pe: Turn 45°0 left or right, hold 60

seco'nds after "off course" before starting the distance from the range station an(l not below
3°/'sec.-turn a way from stiation for 1800 ; then the altitude specified on the approach plate.

t.y to intercept range leg. _'Uses: All-purpose,Sele'ilvgood if ,wind1 or p~ositio)n are 11n- THE FINAL APPROACH
known unce'tain. I)i sal(vantages: time
".' consmnp. When you havue completed the procedure turn

(8W 1.lte: Turn So' off the course and are heading inbound to the low cone, youi and ;iinedtiately reverse the turn for 260c have started tihe final applroach. Tihe aircraft
aroun(l to tile reverse of tihe original course, should l)e completely set up for landing before you j
"I'lTis procedur e turn is 1particularly useful in start the final approach. Check the time care-
low-visibility a)proaches. Soumetimes pilots fully so that you can determine the effective wind

p~refer to turn90' and then reverse into a 270- for maximumn station-to-field timing by com-
t r1. but ticSo, 11•;f"(i121 vcrsion gets the s`Mlle paring the time outboumnl with1 the time inbound.

Sresu1t 'with less turning. Advantage: Rapid Check the altimeter sething and try to reach the
C).ourse rV'er]. 1)id ,dvant age. "',)io much ciiiiiiuuin low cone altitudei as raplidly as safety
turning andt inabilitv to Imonitor aural signal and terrain ciearancc permit. The low cone will
during banked flight, be of inininium size and you sho1uhl nmiake every

effort to pass through it for positive recognition of
Direction of Procedure Turns station passage. This will require exact bracket-

A ')rocedure turn must [i iiade in the ing. Ior the sanme reason, watch the volume con-
directic ,own for that maneuver in the pro- trol carefully. Failure to identify station passage

i1
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Ib bearings are usually givyen ili the inist rument ap-

S'I 4'" ! field distances and fieldI minimum altitudes.
S-- - - Often the airports off the range are eqnuipped with

N non-directioia radio beacons and you can use the

direction find'ig gear to coml)lete the approach to
;I them.

Figure 16-.12. 800 reversemenf procedure turn The Missed Approach

The distance from the station to field (that
will result, at best, in a pull-up for another let- is. to the nearest usable portion of the field) is
down. and valuale time will be lost. given in t(le lprocedure charts booklet. You must

Station to Field determine the time required to cover this distance
after consideration of airspeed and wind. If you

Station-to-field legs, being of low altitudes, dion't see the field, a pull-up is necessary in ac-
require precision instrument flying. Your altirn- cordance with the pull-up procedure given. The
eter setting must be correct and you must not go liull -up nwv, be due only to failure to recognize sta-
below the inininmons. lie careful to make sure you tion passage. Regardless of the reason, however,
follow the on-course to the field. Do not exceed do not hesitate to start the pull-up in accordance
the station-to-field time which should be corrected with established procedure, report your intentions,

for wind. If the associated airport is on the range and request further clearance. Certain 1), ocedures
leg, maintain the on-'-our-se carefully until con- of turning to identify legs, waitiig for a fade, and
tact, or until a pull-up is necessary. This will the like, where mentioned before as ways to de-
minimize the possibility of not seeing the field i-s termine whether station passage had been made
a result of reducved visibility. Check the time over when passing the high cone. l)o not use such de-
the low cone. The minimium descent altitude must viesif yol tire not Slllre of station passagre at low
be reached as soon as possible consistent with cone. If low cone passage is doubtful, execute

safety. At the letdown minimun. you must not the missed al)proach procedure at once.
exceed the maximum safe distance from the sta-
tion. When the time is up, pull up anti try again Low-Vizibility Approaches
or proceed to an alternate. If low visibility prevents you from executing

ManiN, airf(lorts are riot located on the range leg. a visual straight-in or circling aplproach to land.
In such cases a station-to-field bearing is avail- ing, follow the procedures which have been estab-
able, but no nural check is available to determine lished to align the aircraft with the service run-
how closely the bearing is being followed. You w;a-.
niust identify the station p)ositively to turn to the Here is the recommended low-visibility ap-
field bearing and yon must correct for wind to de- proach. Turn directly downwind over the service
termine tie eanding necessary to fly this bearing, runway; on passing tile end of the runway, turnl
In fact, the success of the approach may well de- 90 (preferably right) u after reaching the
pend on the accuracy with which you determine 90' change of heading, start immediately on a
tle wind d(r i rifg previous stages of the approach. 270' turn ili the opposite di rt'.iou. ,othI turns
Yo' cal use the radio compass to track outbound should be standard rate. - ty making the first turn

to the airlport. to fhe right. the rlbot of dual aircraft will bie on
the inrside of the tinrn during the 2700 turn and

Multiple Airports have better visibility. 'Ie entire maneuver

In ciiige.tlil riietropoliain ialeas, there are shourl be executed by referenwe to intrurriments un-
oftenl sever-l' 11i rporls colonec.ted with a single til the iircra ft is detiniitely lined ill)aon the landing
ralnge station. Obviously, only oine station can lbe appiroach or until the aplproach canl be continued
on the ranige leg. In such cases, station-to-field entirely contact. (See Figure 16-13.)
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The Straight-In or Fan Marker Approach altitudes below the lowest plane are cleared, nn(

IN"When existing traffic and facilities permit, a all illstrilinent apIproachI is ii1ade by the lOwest Il'-

straight-in approach may be authorized. The craft. As the planes depart the stack and coni-

sthaight-ihi approach iI feasible only at those air- plete their approaches, the other aireraft are
Ipor'ts whler'e tile finlul ýIpn' o,,i.] co~l'se ofe tile asso- clearedI to the nlext lower level.

i elted rYaigler -t titm IOi1Icides with tile Stati1o01 to Approach Control Stack
Sfield course, where the nmis:zed a ppro(achi procedure w ela p o c o t o p rt stl t d ,i

(Joe, not iuvol.'e .1 1eevtel cf 'of . andl where ailhen approach control operates tle stick, it.
% adhlitiolia] radio a iid is available. When cleared is usually established over a fan marker on the

for a stritigit. ipproach, tie pilot 1cleared to letdown leg. This method allows straight-in ap-
+ descend to the min iainl e route altitude, for that l iroaches to the airport. expediting the handli m;

po)r'tion of the route. 'Tlie initial approach is to an of aircraft by\ iniiiiiiziiig he Icapproach timeiV.

iladditional radio facility, ns ally i fan marker, Oi Since approach is operated by the tower, the

""the tired Ppproach le". The filal approach is that frequency on which the pilot receives instructions
ptrl of tlihe approach from the last radio fix to the is one of the tower frequencies or the frequency of

low -onle. This hist ra lik, fix is c-rossed at the spec-
: ited altitud~e and tile aircr-aft is set up for a Clearance to ail applroach control statck ill-

lanid ing. When thlie lix is crossel, (escnt is ia- eludes holding instructions and an expreted ap-inedi atey Wen t ha e fxlised to lhe low cone iiii - rum, oah time. The. expected alpl)roach time is tile

the low cone is (Tossed, and a descent to the ap- time at which all liarcraft. would start it standard

•ipro-hi iinimiiuim made. If contact is established instrument approichl ill case of two-way radio
I' f a l i l u re .";at o+r ialv+)e the' IliiiiiiiiiiS, the htiidiiig is toainiis- v01' leteV. itlI sCl]Each pilot in tin approach sequence is giveniavdvance not ice of the time lie should leave the

holding nitarker on his approach to the airport.
THE STACK When vou lthave receilved the departure t iCe, ad-

WIlell :aircraft are holding on a radio fix, just your flight path to leave the marker as dhose
awaiting tuni for ilstlrtnnnt letdown, Iie hoIling I to the desiglitted t ile as possible. The "Deptart

griulio Ibecoines a stack. When instrument lap- Iilloliid' time is not a final cleirtnce. when Yo11

l)r(,awiChs atie nevessary, several aircra ft may desire use standar'da proact'h l)ro('eýl es, you i list nan in -
to use the range foi letdown lt the satoe ti ue. taiin your ltst assigned altitiide ntil yoit receive
Milnce this is obviously impossible, aircraft tRie as- a filial clearance. Ihie filial clearance is usually

signied Iltltkit(ieles sepirrat ion on tile holding l fix, all "'leired for straight-in approaich, or "Cleared t'

land." I7po)n receiving fintal clehtrance. start youir
descent to the low cone altitude, report leavin•g
your last assignied altitude. anid go ove," tile land-
milg cockpit clieck-otl list. The 'll,'ppro'-li from this

point oil is the same as the ftiml approach of the
- st amidard instriument il)lroa'h

Range Station Stack

Clearance to it nalige station stack iihwlhidvs
• holding inst ructoils atimo aii exlsteold ipprotl'l J

tillie. It. is the tilae thtat a standard instrulcet

aplpromch will be sttl'te'd if two-wayv iroljo falltll

=,(cuirs. Cletlranice for al apptroalch is give'i Ic-

fore the expec ted appritch time or the exlpectedi
Figure 16--13. Low visibility approach nlpprolleil tilime will be revised.
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r EMERGENCY DESCENT BY AIR- propriate radio frequency for further instructions

CRAFT HOLDING ABOVE OTHER from the tower or center.
"4:. TRAFFIC Imniediatelv after such a broadcast, the tower

or center will issue further instructions to all air-
If. whvile holding. you should have to make craft involved on additional procedures to be fol-

an emergency descent through other traffic, you lowed during and subsequent to the emergency.
should so dvlise Air Traffic Control or Approach
Control through existing communication facili-
ties. On receipt of advice that an aircraft is mak-
ing an emergency descent through traffic at as- In case of two-way radio failure between air-
signed altitudes over the airport, the controlling craft and the ground under VFR conditions. re-agency will broadcast, or cause to he gardless of the type of flight plan. the pilot should

broadcast, the following message on the radio proceed under VFR and land as soon as practi-
range and/or approach control frequencies: cable, or proceed according to the last acknowl-

"EMERGENCY TO ALL CONCERNED: edged air traffic clearance, whichever the pilot
EMERGENCY LANL)ING AT (name of) AIR- deems necessary.
PORT. ALL AIRCRAFT BELOW (number In case of two-way radio failure between the
of) FEET WITHIN (number of) MILES OF aircraft and the ground while under IFR condi-

(name of radio facility) LEAVE (location) tions, the pilot should proceed according to the
COURSE(S) IMMEDIATELY." last received and acknowledged air traffic clearance

It is then expected that pilots receiving such at the specified altitude or the nminimium instru-
a broadcast will clear the specified areas, maintain nment altitude, whichever is higher, to the clear-
the last assigned altitude, and stand by on the ap- ance limit. If the last received and acknowledged

.1.1 Figure 16-14. Vacating a
x , ; ;range

4!

N..
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clearance waS to hold tintil it sp)cified time and resp)onsibility. if oil an IIFR flight plan. to call the

expect further clearance, the pilot shoulh start his nearest control activity and advise them of his

approach at the specified time or' as soon there- situation and his intentions relating to the ap-

after as possible. If the clearance limit was to the preach and landing of the aircraft.. Tis situa-

de.sigfnted airport or facility serving such airport tion normally requires a change in flight plan be-

vwith instructions to contact approach control over cause of the resultant change of airspeed (usually

a specified point, the pilot. should start his ap- in excess of 10 miles per hour) and/or destination.

proach at the last est imateti time of arrival speci-
fied in the flight plan or as soon thereafter as LOSS OF LF/MF RECEIVERS
posible. If the clearanpce waýz to a point other than
the destination airport, the pilot should proceed If the loss( of IXF MF receivers prevents the

to the specified point, maintaining the specified use of the IF;,M F range in an aircraft not

altitude or the minimum instrument altitude, equipped with VOR or UIIFDF gear, contact the

whichever is higher, to the clearance lioit, then to nearest station with VHF,'DF or' UHF/L)F

the de!iunatedf airpowt and commence his approach services anid 'nestit a stcer. If GCA or other

at. the estimiated time of arrival specified in the landing aid will be needed. select a station with

flight plaln or as soon thereafter as possible. If a that facility and advise that it is desird. ATC

pilot maintains an assigned clearance altitude should be advised of the emergency and clearance

which is higher titan the approach altitude to a obtained, of course. Ill addition, don't fail to take

radio facility serving the destination airport. the advantage of the various radar services available

descent from the higher altitude should be on the to the lost pilot, as (lescriibed in the Radio Facility

final approach cour,,e and should start at the ex- Charts.
petted ap~proach t ime last received. Ifrno expected VACAT ING A RANG E

• "'approach timie was received, descent should be
started at tile last estimated arrival time specified Somnetinies Approach Control must order all

by the pilot, or as soon as possible thereafter. A traffic off all legs of the raige because of an air-

full s'tl trd instrument alpproiteh shouhl be exe- planie working a descent under emergency condi-
,,' cuted unless a VFR approach can be made. tions. If S) instructed, leave the range imme-

If a clearance to the tower at the airport of diately and await further instructions. It is sug-

intended landing has been received and acknowl- gested that, pending further instructions, the pilot

edged. the pilot is expected to comply with any flying inbound on a range leg at such times should
special ins~trut~ions contained in the clearance and turn 900 right (terrain permitting) or turn leftmakea normal u escett forn lartding, t outboun,(l and hold that course until he can ob-

Ai- Traffic Conmrol may issue appropriate in- tain a corrected clearance or specific instructions,

stir'ictions to be broadcast "'blind" over air carrier or until fiur enough to begin i a holding pattern in

'adit fiities (for air carriiter' aircr'a ft ), and over the cleiit signal quadrant. l'his will avoid colli-

suitable radio range facilities. 5ions which itighit occur' if every aircraft left. the
range on different courses at random. Of course,
as inr the case of the emergency desceent instruc-

ENGINE FAILURE tiolls, miainitail youlr last assigedl altiiude or mini-
If engine failure oc'curs, coin rol of th(e hI'- mintn instrument altitude, whichever is higher,

craft. is t f rin ue i iPortaance. The procedures in- until otherwise instructed. )o not proceed so far

volved will depen'l, of course,. on the type of air- out from the range leg that terrain obstructions

cTaft ;and itst l iitatiolns. Upomi completion of I tOec a thazard. I's' thie AI)F to 1oh0(1 in the area

mealslutnes lPl•sea-ri N to cointrol the attitude atid without entering the range legs. (See F igilre

flight path of the aircraft safely, it is the pilot's 1 G-14.)

16-17
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SRADIO RANGE PROCEDURE (JET AIRCRAFT)

T 1II'-]H."'I I t( f• rellivindoll, diffel'ellci,( h ['- :it low', I.ltitild .', Iwo 1 1\;,(, Inhiil't l -hin p I--,', A%.Ith

ve I I\e jet 1)1liev( III' s I c (1 (and nc lntiltv n l l l - .I tI sec. i, 't I I, it :1 24- il -i l'e l tra k.
plrocedure,-. ini tl'in i • lilt l V rMi' i e. The dif- 3. alte of tuIl'lt---snil 11 ,' 0.. l:alf stiln -herv.i('s i g e i .Ill ollh, ao tle.i)itte Your I'.i i tkev)a t N•e'

a le'a i 1ila titi "oft l ij,\N things. 'hille dfitt 'l'em ' i lonl g lolu d i t igher lspeed mnealns at greate. ii-

I- €.nllý,(d hv f ill." fi l ' : tnillt liltig .rad ills.
]. 11-i lilt It t lidh eln loiltt-le B fo ', tile jet all 4. (1uel {otiliiililitjiii)t t l iv dt jtlI(lO. .-"iti'O1 (- i hit-es hit'v lilt it nlhllmi n fuel :t very d i~ h rlm,

ihitigý4 :il tprah iti red tls litd for liiue tili :ten

l v jot ca' not ht. as.0ked Sto hold fill. Vel'N ]•il"- oli'etvi' v:l i mi (ll lit) fi1 liu ll'J(ll n ilplua Itan ) co(ll•er'\vv flel•, ?-,

-t d( n(illie. j Ililei il-es illhllin" jw.ke htvo atplu ] jF finch d I l e• t h i c hi' a "li- i t in e iis jeelhd liih11v fiilii1iiei--id ''h ei icalled. .'-
ty 1I1 ý IHli'm'vtu)l II l m.'- l t o'. ~~ h e "Ie llvailillilledl for rn lipi hl:111-

• J ]l~l •.)•t~d -''], j .• '•\er ahit(i •l()llt[ illill,( ()f thle i10l ill aII}\ nlllitlldel it'ill(' ],itvirn.
very' ynic.ly. . II :lilt S.K] ;I iti\o-mlllltlv hioldin, '|'his sayne iproblehm nutkwl, 1 i m w\isv to) pl)w11 *vt

l)•hr•\\itin :)ý,,'stc•. tur'ns is :l,w) l :1 !5 indc• r:-('•- Ill,,_flits ill IFI? we'limber inlto terilnilmls with hilgh-
•.• . tr~l,'l•. 11! 1 jetl \ hich• ]ums t 2i 10•-k•l'.oi Irlut-:•il'.- ,peedi d1el•,•i \ uoI( livl('l'(';il tl'•; tIc' olpvl;lli)lol ,,
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BrE;AM INT.JERC2EPT-ION\ ANID 11tito difiltlci ofl lie wiigil1 l~c:tdiing itichy

FOLLOW INrG fitli. y lat gtien, tie till for Nii ni drift is livlttlet(l.
If if WtoLa \011hiv ill lt-I ft nfl.n a simliti i0 1cc i mu

111lh iefiting ;t l o-a leg it i 11,:ff Iýthw i, liketed. l l 5 Ii lwiefiiIlig tiiii1 rift if galit

llfe 'Fn t:il H IMet ;~il 'e of Itilieptl t~lit5 is 411. 1 Iii eoltsc to n itif 01lOt flit'' itlgI'.11 Ilil s I'diI ti

II, 11.pt.'tfili l iIN o Jt -lu - f itV l ;p r ic l .h tol il l ll 1 fv c v

511:il iilttt ii yti ilifu'n-itf,. VVeilite tien' tilo A toiitf r lie' flu gý It :i\tlild iSý tll\tIg fit I') f11 pit p It : til

I ;I nill il Ia I vul ti lc Ii if Is Iti liv; Il S It Ih 11 l n IIe :it 't if IItit Is I ~ tut, Iu IIIvI) lteaItI tiul f I s I tI'dss. f

!Itv11:, Y Ii tilli to fi c It i I Y t I' A Iv(III) ' ' TI[i ) , 1I fI % .fIIwna , f I Iw tIII N 111 o

fll., \ul ills illol ige.N it.1 6t 21julf o ic iot NII'.p liM .

tit' I lii ii f tti ii i ' IiII' lrft t c itt theii Nfit 4i Ill ii - S ut N~Is i~t tl fi lll- ff .. \luv1 tulld ';ll f li nt,

h-Iil o la a lo! tl, Vu ll- a o lt o. ' A . Iffi ii s e st a e .4

Il:iif t ei 11:. l-t t11 il il lt lt I m 11(11f o r f. , Ile e e a rdr f

;I Iig l I f IlotCUI I ithil II ofd k-' t IIIIVICCI t ; R. )11 ec lo l I I -ýlillI I. II( w I in 1 :1111)1v fi li l-1 1:

11 1 1I'III I' H I(1c - I f it loII o c i l

\1II7-\2~wtv al lI p c u tl wdi i tN
lit it( tfvS )fvler Ih l- i'u e

Signial~~~~ ~ ~ ~ ~ ~ Zoe *#*rlfo i 3 1 lv 5 ne -Rigdbaktl,(fbo.i l t:IIcafi
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will~ttit • ,oll - III ' I't , ,uw tm l lvd, vh'cralal 'i' lilltl I be li;tl orliv' !:il;t-1 thv-crillivt i (lml C a ter It6 1":tle PH(,

lit'i•I"L lo " t" t o Ivq. ilt-, it t-vu ()I' o' position front the

r-to.ld f,,I tieý- thti, it I- to ask f,,,. ,,I,',.v,,, to STAT IO N PASSAG E
lit-ifv,'I ii i: 'iit ,llI. III olt. tit .utf| itt

suIljI lti + ,lt•io ltltli i tl 'll t h., th i lit' : nim IcII st Itll III the c'at, of 'tntti tn j):Is ,:ig: l thii JeI t

+'.it':hltof tli'+u iltunIt iv|ll. So ili't lIev,., l~o ,ud pilot nos Isp•cial p'iobl'•ui.• hich til pilot of
"of N',+it iiit t\ It lilid ",'t r,-s lf I) "v oritlultatiol onl iwllop nit''ift dou',, not ulko l 1,:tv . ( )IIe ptoIIIt.

"It lilltgu that . t, faill'to rcah' \titl' dut tt lll etio be- t lhoug . ,4 Wxol'(hi vipiIIIIiI/.I.liig. 'I',e suctioll Oif
",.:Ill of fulyi u e. ,let:i lithav, \ ry little nla' iga- C(hapter W ill wihict thiis subhject \\;is Itcatet (I].;-
""i,11I:1 g,:l. : d id i- 1 '\l,,','•,l ,l h't tin zit :•+ . ct's-•Vd thu Iattl',.v \idth of thu conle of sltlv 't l it

f,+i ) IlItlo o I -- ist :111 .,I I IlId" I , I, V o Il i ,' I liti('[ls. (n )igh I" ltitnlde. As t \u v Illlt ll, fill' u t-t to drop ofl,

Ilip t h1'i |: lid , if th ie nIt'lll:ult It'll in o e te itiinc il 1 'icatimJg the colle, I•1o)t t tlit, \1i•II1t. t. t0lotit wit,

llt',t.;tI'. clitd ' c IIoIi Ill,\ )llt l:t' i '" si t \'o i t to llu t and con ider. that vo' l :1i1' enitu'illn t t 'I e vio

-i ,, lit,\ t I" d') it illI,,% 11:11 'il:ittl, w hit'it this nt,\ \ 1Iti lll , :Idt I-tiuI lit'g Ii to fafil
S.- ,t j,,t l~it,+l, vi, ii IilV hti lI u r I rin i- o1l 0 , -to -Ik 'cn . l'll.i- t hlttlliod tilo , u' -. 1iosiblh c.clt;Iii

". I 23,000 FEET INITIAL
-,,* RATE OF LETDOWN 4,000 TO 6,000 FEET PER MIN. IAS•,. ~~~~~240 K. -_ 20 K. DEPENDING UPON PNTAINATTD

• • • AIRCRAFTr TYPE

. .

\ PENETRATION TURN

'FLAT OR DISCENDINO

"*I-l. Pi' TURN--V-i DIFFERENCE BETWEEN

INITIAL PENETRATION AND MINIMUMI

PENETRATION

I,.1,000 FEET MINIMUM

I i " ALTITUDE OR INITIAL

APPROACH ALTITUDE

,• Ii,--"
IIsi

-' ~PROCEDURE TURN

MINIMUM ALTITUDE 500 FEET
," --- ~ t__ _ __ __ _ - i- .. . __,_

40 MI. 25 MI. 10 MI. PRIMARY FACILITY AIRPORT

I' -'T,:1. Figure 17-lA. Example of jet penetration procedure, profile view
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Figure 17-1B. Example of jet

S ..... "I-N M Tpenetration procedure, plan
o0 IN / view

44 Lf 1!.Q'T1 TLACK D.Rit171"t I9FACIUtTY FKIAAYT IACIU"•V -- - - - - --, h1Ll~•IAK.

"Al.

identifiiation of the cone or the crossing of a bean dures, Althoug currently recogl ized by the
leg if ti lt ve;tter of the colIv is Iais,ed bly a little Civil Aeroniautics Adtitiaistlratioll. these policies.
* tilillil. 0 lCae applicable to tilitary l ,ll eratiol.s only.

For purpose- of formulat ing pene)tratot it ld
PE: NETRATIONS .I)proach plrocedures ill alcco '(dilice withi thi,

Criterion, 1 )Plltitlfltirll is (defilned IS tiltllt'letVei

'I'lhU Wd lt m IW t t I ill 111s beet ioo -ely used to involved in descetiding tiln aireraft front an enl
(lc'rile) thl, eitire hvtll,)wi and itstirniiett a1)- route altitude or other sl)1,ilied ji1iti: pelletrttiolI
pl-r(,dl• for je't 2irt:c'aft. 1Property it lpenetration altitude to it mininium altit'ude front wh-Iicli tralsi-

hiegilis at ligh ;lit ituhe ( itsitaliv at (or over "20),000 tioe to fill ip apicrcaih call het, made.
feetI and tI'ls \\-ten thie a jt his reached at mlini- Initial-Penetratioi Altitlde, Tlhie altitude tit
itit1ll peti0tr6t llt hitIlhie or intiial approach al- whtich the aircraft crosses the radio facilitv for
titil(le for till s.toli'lrtl illý-trllllent alplproach lit Ibe:,rililingr tile 1penetration 111d app~roach proce-
tilt, ý,tatt•ol. Prom (hIl Itltitulde, tile jet mlakes 11 ,, '( i t ll l tie i iit-Ien'l't m , Ii ~e
d^. t;IId~hII'd i list I- nt apprlo(ach irt' straight-iat _t)- h'luis altitude is estalblishcd for each proce(hire and
4 )rt)mh. ill It•il., beii diriected. is :orniallh ;pecilied as 20,(0)0 feet mIean se;a level

'Ihle ill.-tl'lln1te;lt pl~~')w l lrtceli(h re cha11rts ox' l,0)0)0 feet Oil top). A ir 'Il'riflic (Control nill"

for higzh-allitilh, aircrnft •])(ow €,llicili pl)"t.z),,ttioll devilite front this specified Ipenetration• 11,h1itH
[ (ct u es'v e s' t:Ih~lid]vi1. At.-)(hert fiehld,+ l it) to erilit, illitifi plleetraIth ol froll ('11 romle ;1lti-

,til](mli'd ptlmetl'tiille. ale pi•ovided and ( you illty tutdes p)roviding Ililr trtlic conditiions til(] ttrl'ail

Ilse Illy type iof peIletrat lol)l foi which you lay o1l- (to not prevent such action.
I1in CivtiIt-llci'e. I Iow'eve', there tll'eCe'tltilt St 11t4l- Ipit/ratioll Y"'url. A ipelltrtltiol turn is
tirA, '.which .,rtl tilt- k-t1liislltuietnt of ofliciii 1111de dritItlg the jet aiVeet trttitin l)irlthidtre to rt-
)pellorall' llt I )Io c dIIv)l(((( '.,. andl( v"0 l~l a e restrictedtol ) till'1t thet )tIl'cl)liff to) ill illbo)llildl headTlIV• to tile

pii ltt liiotls whic(h it-vt. m1}1 (- itelic. rtadio facilit y bvinl tistvi filt tile iti nlit ) rtttilt -
cedlure. Th'le ipr)cudll-c( i1mlicalvs: whethe'r the

Penetration and Approach Criteria i)(.-ltr tiot l tlllt' it llasc'tiol i.i flit ttiti-.
"k ~ ~I Ie're ;I re IliI )o I v]("S•'t' I -,d I) . lit, I'nit vi I .11l biitm 1 (/ // it,:. 1"•.o:,' . II/t ;r;I/(. "I'lhe mll)i-

roý I I ;I, X :I~ . , 1\ v, I lI It I'd l "tItI t c A i 1 1 V( ,, I IId tIlI (, 1111111 ldit I (lu (, m ort" Ithe 1- lito facIlIity v efo re

"ll7 il ( ulsi II-I I(I Ill f-4r illlntil- t ([ it)- t I'lIttif ifm to tilit ,iplro m -1. is I' (I the i i)

17--4
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be repio'ted to the (ontrollilng lgency. l'hi Otti- either t'Icioiks ()It the specilied headling to tihe rtaioli

tuidc prowides a clehlitice of at least 1.0)00 feet ftLcilit v oi. illte(l'epts :1 pecitied iihdi ailiige
tl)o0e all obztriictions within a radius of ct iiles .Iti'se, depending oil the priocedure speeified. 111

of the radio fa'ility. and five miles to either side eilhtele case, tihe 1iilii01il jletnw tiot altitude or
(f :il 11eietrattoio i 'o>lll'ktOli tlistllcp t,of 25it•llhs mit itial approach altitudc, whicliever is ipltlitble,
fi-,il the I-luio facilitY. Ill th()Se I:vr:u, dk.ý,) "'mted llllsl h~e reachled befor'e :1rri\'.t1 o\'el' rldio ~ iiv

is llo tilillIliS ;i'Il1, cI (i']leatlnce of at least 21){st Ihie lell'ert ioll proce(du e lli't liilmle.- ovel,

-feel fi* lu be provided. Wihere thi, elealam.ce alt i- tie radio fatci lity on whilch a procedure ii based,
tI/h' proves to be imlpracticable for ali Icisli, at the milliiniii i petietritioti altitude or initial ;Ill-

deviat ions iiiay be aut hiorized, but never i.,;'t clear- proac.h altitlide. If visual colltiact is nlot estab-
alice of v.s4 thmau .0O feet lrov'ided ill aml teali lie li~FIed ('i1 reaIlhing tl(he miiliiillii jleiI(ntitlii alti-
tlii --;hid ,,l •iitch a 'leil'ie iy . allmoed illy whieii trode for the jv! pl'miedllle hlleil ov'tl" thle radio
there is oilie r1dio) lix lolhg thie peietrilt lol co'rse fa ciljiy tieio a s in'ight-im ippiroaeh to the aIOrt
within 1-- iiles of the radio fi'ility. nIlay be stalte(, provided :

It i" lwrnlisihle to imii•kte st1 i ight-ii Polie- 1. Tlie be•ir;ng from tile facility to the end
II i;nl i, illl \vI ] fil-li (il'io.ill- tIlii I'ulio fl/-ilit v. 4 t lie ti'i \Vi:iv to I')v Iltil dn.'-, nfot d ive\g'i e Illi 'e

proklod 'hat a !atisfactor railio fix oh1 \which to thlin1 8z f1"ni tie dii'-e'tiiil fit Il it I111iwi\'V ii;l

stit't descent is avihlahile \ ithiin 40t iiiles. I )e.,eIIt 2. 'ITle descent to the authoi rized miiiiliIIItIl

;t1 dintmices -reitet thiia this airt- co.isi•hlel l i hfitdeiiiv'ol\'es no'eutna' renie iflescetitd geatel

lI'hlit olela i( i0ll, it;li ell rouite olii';llioll cle llo':tlCh thiall 1,00 feetl p "i llillitLz :I1id the uIIoili l ti-

I - pi ()\'I dc td il i ol alre N\i lii i 12 1 iiles o)f th lie tle I).o\il les :, 11Ii II i IIi cle:ilid l ce in 11 c ol'hd lli(e

tI/'3,l f1i''ilitv :t Which tillldurithlcion is n ,oml- Mitll u-Igii:itio0s.
lined befo.ie 1v use of til idditioiil radlio lix. If this is not practicl. :1 standard iiistru-

111;1i,1l Il/,/wa,,u/.l . I It ihrer,. Th'le ilitil1 ap)- Ilent aIpproiach proc•edure shouhld Iv execilted.

pioIUacII altittiiIe. whelll ;Il~l)lic:tb1C, will he that ,lscd,, d./1ptrac•I •l'r0t'CdijC. A hiiSSe-'li-
c-till lied for the statidniil jist i'iilent ilpprlihil plrach i/ruoteiuiie is foiiiiila:ted fiol liich :appr:•)1 4)
p~rtcedll'e. iWrO(T'e IhI'. 'T11 I't-oVIeryý i.s 110-111v hll Made Oil 1

i/u',!/,' // r .1l///,,I/f, Th'lie eilier'elcy :11ti- Ciiiure t\014'h1 11i04 uielrv ii)l)t)xiiates a coll-
idle is iane whiih will 'lear all (i~stltict loil withiin liltiiatiolo of the litial approach coluse aifter' due

:i itmihiis of Dil) mtutica] uiiils o)f the radio facility cuoisiih'raiiti, of ihsftrictiows. tefltrin, mid other
1)'\ 1,04H) fteet except ill 1iiiiit iim us 1areas, %diile fictors iiinfiieliinig the .Iufet v of tIli, operation.
('lear':ie mill lu , 2.0to feet. A i!i(t'd illrliachl is iiiitilted:

,,,/,tod't t /) /.'a;rz,. (Si1' l,'i gilre 17-1.) I.. At tllt' poinit wiierv tilt' ai'reft has

N Iinillli thi' standll'd jliil('tl fi(ill uii 1 iii~idili' uhl'sl'eillfh'/ to :uitliwize'i landinig iiiuiiiti1ws :it. i
.'. 1-v i ,-r tlt, ru~lio fiu'ility :It file illitlitl lpelw- pv...i~e lIvd di:.lnllct fromn fih filcililY and hls• not

tr':tioll allitude. Th'le pellitrattii,]l ir.(.vdure is e-til~ld 1-1 d vi'lld colitlit.

c ii l is.icif ill tiri directioln f'roi tite radii f ,'ilit 2. If til' hmiding fits not I te''ii ai'comlllisled.
m-loic'l i., lijo t 1weept;ldnl , c:1irlf t fuht . N l•Vhel (1re('oed bY\ A ll. 'I'rltflic ('ontr'id.
111r,-IM(Te M0n lel'raill fe:101res. Th'le 11-nir~~f ,trl
111t. pul et' n i'r li \lol l M it- 11 \er the 1 rldlo f 'ilc ilt
4w 1" 1 :n g iv'll d •:-4:111 e :If'tel ( , •, ,,, P:,Z ll, t e Ir l( , ':o l

it v 11i(l v iinil tl illt, il e Ii ill li mi lim ll
l1(lr 11~ 11111111vmh, , the, Hit 111 :•lppr~mch lhi[

l~de, \\hiclt,\er i'l1qipplinh,.
TI'l l~e I,:kI1i~u 111 sll tl'lllnI v \' ...l irle

\k ivl.. mied-I , f 1)f' dw d:livlern,'e lhet',\evi Huttill
p ',lletl a lIl, : :111iludh, :m lllind 1111 11 1:1 pllet l :er l o~lln

hillhitll (wI 10t1 i ii c hlc'h altituide is losl. Wheit

the, polivle-r:1ih: tlun'l is comlhlpletil, tlt, lti'n-7f-

• ... .. • .. ., ,, • ..,, .•.• . , • : . --..- - .- %-,. -o;• .- .- -. -. ,,, --: ..--.. •. .•:, • ,, •. ,•'• ..d ', -. , '. . ,•..17'.-Sc
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Th e 1ftiltue tol •ilh t il aiternift pIocceeIs ill Types of Penetration

tilt,' VWt{)Vjill l(f erill, r ust ilep, vc'l'eii goi\,t yoll illfnl'llna..

le;k!-t 11u)00 fe'et 'rl':ll'ICe above 1111 obstitlctioWs tinlt II1 the tellIll. I.ed anid the Illitli s elli-
within1 ", llihles oil (helh sidle of it specified Co)ln'.• i)lov•e1 ill p1:11tiiiiii• II hlell.'tl'lti)lo l. A 'tillill l llCe-

ftt hhi~.t alic f 27'miles (It :1 tiliI'(I ti. withiti tr1111 i(Ill'-, hoi\tec., Iil;a.v v'lr'3. Ve shall now (.oil-

2'I itiIle.s of iliet f:wilit v. ()bst rctiolni .ea•'lale 'iuell solte of Ihe colo}llll lI tvpees of pelletlt itlon.
(hlltillg ('iill) is It ha;st elilal to that IrIeIlilreI for 'I'lvse live' illusti':1hi'd with the li',st etuiloN 11 ll(d

rakE'-oil. ~~Pi~l-'ltt.loI'l)t Ilirnl .•lho\\l it•, dotted lilies. ;1ll(1 thet

Alteirtitte l'lI I M ' 0) Il•i 1 )lro' I v I I I )lOC.t , IIll~ I iv 1.) lower Ivel p)art of the leidow'll 1ll(i aprl)l'o il •t.•

. .,tit lishi•tl wlleliv.\l I, they arte ielilited for Air solid 1ilies to 'olifloill to lis.aig ill Ih(l apLrl'oli(cl

I'rtu:lfi,. ( Ottl.lO l)1!1)m1 ,. 'l'hv ;irv inlluldlied ill )l'ltidtlll'l, c hairls hooklhts for hliglhi-nltitt(le :til-
thie ý,leew lii\ it•id fot ;I ii,-('vd :lwiltlc'i pr-okve- f.l'l.

t~~ltl',,. "I'lle, iptlle'trl-. loll p)r'ced~ilre ,,li0N% [I ill ]"'ig ll't'.

RANGE

INITIAL PENETRATION - ............. I.,

ALTITUDE X MINUTES I

OR TO HOMER

"I . pPENETRATION TURN (AT 1i

I INITIAL PENETRATION

I - ALTITUDE) PLUS ýi MIN.
- - - PENETRATION ALTITUDE

MIN. PENETRATiOUWir

A115SED LTITUDE

Ron
(HOMIER)

- HOLDING PATTERN

_. ,............

Figure 17-2. Unrestricted tear-drop penetration ao homer, fan marker, or X minutes from high cone

174
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SV -

1.:7-2 oi l page 17-, is oif the type calledI unifre~tr/-cted " -

or Yinflf," tf(r-dr-o/, The namtie teir iltro) COme..s
fro'O l ll ( the I 1))a I-it Ilice of tht,. ]pulictrl'a ioml~l'1-1 ill . -
the la: iT: ,?The "priary facility" il that
iilistratiol miighlt b(, it radio ranlge, it rad io-bt, ,'tc.::
(ho 1er), o. a fan iuarker. It is not iccessarilv
on a range leg.

Uslally, the jet is cleared for a st iaiglitt-i-.
appl)trOaclh from the fix positionl at the Iititl -_

Ietutlitr t loi ltlt h it . If Slot, Ihlie taila d i t, I'll
,nelit a l)l 1. m h (.1 ýletdown, ]w-octidure tiurn1, Iho)w / .,

Scone, S•t al ionl-to-fie, h , land inJg <)r I m i, ted itlppl or l1' ) ".. .... . . _

.,s 1 hl)ihul ih for t liestat ion is( co)iiviteced at initial I
;I] ro', rlh itI Itlit ivh . . .

Ill the' Ipmntvation illui~trated in ]"ligur. 17-2,".'(

if the p)ilot arrives lit the iradli) rangtL and is IT- ______

(ijitrvd to hold, he cl'n enter the holding paitter'r-
at tie initial pItenetration :altitude (20,0t00 feet or
higher) 1114 avoid the lo]s of fuel he would hm~e F--
whe l h, ,Iillg lit Iow" "tr '`,ll pi to i!
dutlc.-(ellt, It(c begins• his dlt` ',,llt filltbo,)lilll, andlt llmiktes II

mt back tOwn to the, ,tnitiom wh n he hats lost halfthe, 11t itildv• be~tvre'n the, inlitilil ]eIM)1trat 'nt l alti- Fgrrant type,173 with netrceprocedure-turn eer~lncourse° ereversalqud
(1die ut he til, mietlmm p'enitration altittld,. '1"e

itin pit't t-led is i. t lescendliig turti, its iS usti al.
"Ilie hetdlown hbejgilis ait the lleadio bealcoll (O' it falll
int a rker.) before realchinig the prililla.v fatilitY (flitj)s, braktes, itil gear tlowni), dhscentt it I.52 to
(the range ini Figuire 17-2), tile air'craft mutist I)1 170 K iind starr the level off 400 fe.t above 't the

i at the miniinum lpenetration altitiidh,, iminium ])enetrittion atltitude.

Whetheir lie pilot may pass the low -one into If hohling tt low alltitiole is uiecessarvY, toljiutt
a direct 01i stritighiht'iii iailWioitil ulteIVis(d ,Oil hiý ilower to hold tille fuel pressure lit 60 psi (65',,
c"hill I'll licet. I'.•iallyN it ](it is elhHreel to> do so>. ]poWel.) for ll11txhltIIllll fec('oiHI.V.

'hl. lieliiei'iit ioll 'lesielit i ]erforI'e Illm I,;lli Ill ]igit'e 17-13 'ollt see llluthiet' Vl ' sioil of the
ii CIi li o'h lm if'ir!ty ý'<m litlml. A irspeed is held ('ill- sill,, ]pro+(cedure. "i'lte onl] ' vdife vlv'~''ce here, is tihat

,tatfl trand I1ttt of (]tist'elit I., 1 1tilititined it ( 4,01)0 the 'h--ent or ]atnte l olln I Inn.he ill t.c chuit"fpir+, Ill the 1W' -2 thi., dtesc~ l is n..rill1lily (1lu1h'|t,|t of ft( aigt , 'l'o li'vid gcttiig los, Il.t h,,

made for liigh-s,,pi,,d CS',; to 7514 powet, 21"u-kniit AtV)" or \o ( )lZ ii'(Imli]ielit is iti'd ito Iaintaini
atirslec~l, speed,( bImtkt extended, .4,o+(•lof flmdown. ]waiding oil the, 11tlgw|'ixinatc lbiset'tr of fltheu~l
1l'h4, li,'illl'tntiol |illl'll 1" lli14leli t Illth . salli,. Iir' nl'itl. A\ re'g hl 'lyl .' , v v f proc'edure' tirn i" p>refer'-

speed, with I :10" blaiuk. "Ih'e clt Itwva frie till- libl I() the Itl|'-dro ]wnclrahm turn bcuattsc it
bloi iil lbiit'li licaing is imilc 20(' tow\.il til ' t •u pro- piermitis theit thioiUiil iiuiul iillioiuil i'tec'iiprov'l
('10itti tiurn suI t. ii f tO., lug. Alomil l4)•,() ft,i t l •m'v, ,-illor-si's o it, 0 i, st• ilte. •.onI ' lie'hiel , lio 'evetl. lul-l
]Ivcl o•1, start to II'IIi1 tI i" 'iaiuft i tift il] Ct 1 ighit. vilh fur it tc'u' drol , itti'ii ts•tillv w ill z+% %I,(I e-

hlm.lil tis ',.• . II it's it lI,•li ,ollw y ill t e Ill u!lti, , tli ,tr''-,Ir4i phitte, n i.s iii t' i h m id i quickeir ifo flv hiii
r trta lict thc spl, l iki-s. 1ilict-t i tll h,'s eil ,''stt iisIil, lii to i lcont rol thlie collsi',. 'i c ' llo '-

at (ott ;iiissa.I' to 1")ii to 16i)0 K andil lie4 1)oiwei' IT Ii'i'tt'itt( b t 'li irtt ut is biest ieci'itisu' it tithes iltil
f .I ) SW , . GO,+ i, 70l g;llhm , ,of t','1 (TV 2) mid,1 0 I ,, 717

I+Jl I-'• .\ , m I I w ,) m'i'()1 I l~ lhilII1 ( 1] Y -l II (I i I\ l' o t I Iil~l : I i 1110 v"..
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Figure 17-4. "Over-and-un-
.•*: • -der" penetration with pro-

cedure-turn course rever-
sotsI FUUIIAT)ON rURN

INItI APPl Al, IMJP01 S01A1ION4)

'itCIt11 UR

w- U

41?

'i" i,,ii't fttii f i I•. i~v•l I., lbrillg jet.s ill faniti ' clh't-ie(I thiree tiliit,-. ''hti first tilile is itt the iii-

t~n , ilv v 0111 P4 1.1t.< 11', 111 ~it ppl flcll, ,h I~v c,,llV%,1-1 M li prl . -I~. ,l| !I11t1t, h, illil 1, ýZ llvtiullv,• reforred.•
lv1rII :tI'h:1". 'J'hl(, n. bl l~lil gei•, :+l'l •ll( I t fll it , 111. it "M idli k. "lh' ',•tioll.. 'Fl'lc 1111,41' is III III(-

li il ail I' is t at :

A ipttfl. jl m I],I1. ht.h m. I hilt hvv ,I 111-v ,l je 't I,,, e :111d i- tll' ý.l|Illt :I, for v' liv' i' l Mm d al -
t I II Ile ýlllllv, gelleiIi]•l t' ip I'<>l'•*dhlItv. "J'lite 41P•- C'1'11 't.

!' 1v [ l' gii , lfr 111' 11 'I<'U it1 ! l' ••~ •I'l .\ !-c +' I llh e fie| l.S•V '+l I•'l+Ilv " I -vlw l 1.I i l m. i t-,ulh, 1 h 11. 111 if- dli~ , , l it •Hil -1

V .ll Ii., t I- ll h f i~t 1,1,t 1i I' l i , f I ll i -llh I .% I I I d tll -Nl)•le l - ý. jl'+ t' l l'+lv 1 ol l it' +',+ ll~ ttll o+ m~ lv '|l. 't11-ll :I'l. " • I,4 Atll-

t M 11l, 411" :I tý1.] 1 ,l eglh pt• ~ 'lli-|l';ll+( ll. It III;[% it ll•( I - im:llql'll k illmJ\ l :1:'. :1 .'- 11lell t- at p rI'( vt't lltlv, h y, ]lliv

NcI)I t' 111111111 dtlt'A'oh +III it 4 h';va l" <Itl;1411'.11 t 1 1 ' (n. • ) t • n \ , %It,,,' I.,t' 110t 111-,lI 11 1,,•m Iy t."-C l fi'< I ll' 'jC1t
I'•+._++ h'.,'. (,S,-' Fl+' i rv'+I ,. 17-4I imirl 1.- ,, . 1111'1 +m lIt, 4111• till, hov Is, (Jl (.' m rsi,. 11h ' "Inl let 'lw l .i

,•.71 7-8
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the lroceidilre tlrll.'" 'Ilhe'e tillil-l Itiav be eitlhe i' g( traffic which InIIst. i)e hiy-li-ed in tile descent.
of Oile tear-drop ty'pe or. (lie l il pl-ocedP turnl Of tell it, is a good idelt to req(uit G('A to tnke over
fill.] IIs. W hile tile fe r-dr' ) is. filirlv col iol for and Ilide y 1 to a .4-'rai(dit-im alpplroa h froit tile

] ,r procedure tur r01 low stati-o.

Thv IIjiddlh slitt lltputltr.ttiom is oftel pre- En Route Descent

sc'iield at Air FoI•c'e liahs. I the intet-est of s•aring tim- and fuel, you
olhl'i 11irpllts to brinl jets il hN iire'ting the jet shouIh descend to Lhe illitial peletlrition alt itiude
to let low ii ii iit lhuttle leg olpulioite the holdiiog before reaching the destiuntion facility. Establish
lv_- N\hlere t•t1 m ill'ifl t a t >-litIt'lk . W li l li e I0tIdIo colntaict with the ihl: rOllto'Ute r'Ange1 stlitiolt

.htittie or ,lcletr• tiloll plaw• oft tlw hetdowi is ill or apnpra rh coiL'ol ill lfli'ieiut tict. to execute lilt

: i h liiadtlit oll :i bmhari1g. it Ilt bie catlled ('11 lrotlte letdIownI to arr'ti\ve ()'over the facility at the
till shlttle hliearinl . initial pelletrat 10 lilt itidie (which is tIus-ually

110l'hi.l'I lil•.t)ai, to, tlllit':Il :1lIJ)r':tt'] alftituldt i., 20,I000 ftytlt) () a- ;.I.<izd it~i-i( bYT(. At thi.s titme(
tiru orwe d Ill (he u!t a• av \.• -• des riled foir alo. you maly receiv'e liob irg ilistilt tioii., if

I he IIIIri tli 'It' , l et ll Ii; li . I)t.,-. ,I it (+'(V IIt-

lilel ', ov ir till- fix 01l' ;t itl giI' t 1ill( 0 I diSt1i lC W e have noviotlsly rioted thut. tllil el rloute

ifti i ithe'fx. pellet ratlion descent iiay he alithorized lI tle way
stmidarM Illlis'-tllll ilt A pprlirach' i, VO(1 -

riwviil d;i t tI le i itial I ;lIA itlih, verl t lh fix
\vifh flt' hu It~t~low\n and pl'oct' .t, tillt' lieing thf

'-aiie it thiilt e,-t;ilislied for cohiveit iiui;il tit'crt'ift.
I .. c ,l lt 'fl I I lt A in.t.ll itit t.-I u it)"\

conerd 0 E5-I Tt,)'O (IV--.) midr ]; to ISO knots ':.PINUATON TURN

I A. \ . ,'Stmle pl lot prefer to, dti oidl clean to the , I .

Il~l'o eduire tttt'li. ]blit tt1i1-;t lprvt'f r to) ltsfe "peed]/ ''NtAt'P' tr
INITIAL APPA. ALT.

hr;kles tIronlrhiolwt. 1)o ]rot .\'eetd the )libli-hled ;IMIDcLI STATION)

jitnoo hliil< fromii the sttito for the precedute TURN

tilt'n. lil fal't, .\ tlt huiihl trty t, retuch tihe p!.Loe- L OW C•oN,,

(11iit. till-)I uhitIfldi' iitý ' 'I lit- FVI4 MI RNiihh poss5ible(.
]1.l t le sjIwtld bralke.,,il I lht! I ill1. Ill the filiall,
lower 1hve spwe, I brakepe homliue r ig r, 111 latndiu

:lips at hi\i 1'll0 or t\i lillllllt l''s froln the field.

\wlhiihievcr i- booli'. 110111 the poler it 74r. to
•./ • and tif. l rl- 1 ,pe d :,It 1:"! 11, I.11)]•nrljt- ill till,

lil.a •.. .

Ill clise of it rii-.-ed lippWiichih it l'V-2, apply

10%l• power 111ll( clhe•l u',i the atirm .4-1ft. redu'ing'i

poul toii5 C a;' tc lt aiirpj1( 1-; op1 to hsuo K. ____A

hi liltllt ,tstiiS t iou tpei 'tltit i procedulti --

.fu d f l 14 tol |iullite.. o.
j~ I t a 1T V - 2_. A (Gt A < I , S ll , u, pl l ro nich na y ai hld .1

some -4 1-, 5' I lHilt e l iti o I lihout 2-7 g1ilo1 (If ftul.

to ' tillt'nl l. ;Ir f 11.cx t o * eIu iitra

' "olle IIIiII.l, :t it lion ,| ippl ol,,l \\tillltle jnntvlr i- Figure 17-5. "Over-and-under" penetration with

hIsc rest' i't I hula l o) uuia'l rntlf (-,e Ylfiwle 17 -- ) shuttle leg in open quadrant and procedure

ii4 I, 'l'1,t'1 iill h thie S.;iIll) w lt'. I 1 i- Ilp h :ill turns. (Tear-drop turns may be used at some
-hi.. i ,f ! l] r li-[ ' ;,' e, ii'uli l lNv lll'IuiI ti < , 1" 1%( I l- stations.)

17-9
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from tfhe en route altitude to low station lisage. dunrt turns: the a ircraft rellaillns oil the outbound
provided there is a radio fix obtainable within 40 heading, to a certain point and then turns back in-
miles of the staltiol fro-mi which to hegi l the de- boun1(d to interceplt. All the otlhe tin.ls are P0 1alde
S cenlt bdoi w the Initial penletratio l al ititude. W ~l L.1 aw ay fro im tile, shiliol| w ith interception Ibev(ond

the ell rolite alltitlude exceeds the illiti• 1penetir:t- th,,originil turning point.

tio l 11ltit ild e .y olt Ila v -obta i ll clea rI-tnlce, if t rziffi c A co nlsta n t clim b is m a inita i lled d il g ti le re-

periits, within 100 1iles of the Station, but '•ill veiS-l. It uses less fCI oIand ti oe than a It8 00/2601

bnest not go helow the initial penetration altitude c'reversl. ]lecallse the aircraft is in a climb, the
miles.i you obtin .I positive position cheik at the tilr hI)hl ill ways Ik miilde into tile wiliid if ter-
s(1coi)(11il'v facilitv witilln ..4) miile.-, of stat i.o , inil ollows. 'Tiiis ;iliitsst *r clh ni ai l s

"L., rolite pellet ration plocedilre- tvillfliitll at l)lrvt ll.ts faiillie to I llit 'erept t , hi '1li11sk by rI'lsoli

the initial apiuo:ih :altitilde over the rildio f•iiilitly of drift ing do•k imwilil away froum the desired iiI-
foi the ;ilrlia. If visuil contaet is not estahlilieuI le,. The wild will blow tle ai'craft backW

wve h tI le r ' II() t:oilit it t whe iliitial approll' h alt i- olt c thi iIlhI lilid co•s'v e ,nlvy.
t I d e . l n i In s ( 1 ,1 w e n t : I p p r ~ al ( MC I 1 t i . t l b e c e x e c ( I t ed . I I _' , v : t I , . ° ' e, t I r n .1 , : 1 1 1 ( 1 e r t 1I l n d I I Ie l ls ; o n s

is stwit roZl yIN re(omwlmendedd t .-()t o ccel)t e(i route wvill preiitil ill 11 no-lillld sitillitioli. Hold this

%dsient. clearlanves onlly after isc'ertaiinn that io turn throilh i21W, thus attaitin ) 30l intercept
;,l\y *S tol be vxpectel lilOll rea'chiili the initial hiitwllig. Thie turn will take 2 min. '!0 sec. at
wtlell1t illm :11hitlh, ox'ver i l. 1 1..,* 'I er. ; after rolling iut of the t rni, it. will take

"2 wlii. 3:7, sec. with no willil (or less tine if yw'
tl'litd into a wind of any force) to iitercel)t tile

"REVERSAL reciplrocal of the previouls course. Thts-, for ex-

The chief rever.seiilnt t011 yoti will hle inter- Inilhe. if y"il wish to imike thle eitire t'il illOn tile

estel ill liere is the 21 W Ileiev-il. •hio•i in Figuiiie fIft idh• of :a fan marker, leaving ,I station. tra\'l

17--6. T'hlis turn is u.sed to re\erse (oll.w h d iiI- lutoti nld frloi the fal Ili'ker 2 lnii. 35 sec. be-
retted to ('lib at le" ol heilillf mid to reverse fore ,til'lg yo Ill I l, and vyi will Olen he

- ecel ii(ii oe you re' llleu , ( rves 1ii' t o the1
.olrse it a Sie('ifi altitilde or l)osition. " (hiisurn of intelteiti 10 at or hefole 'olt leturl to the
4 ol (11W.• Ill•nl)ioitit ditkienice from all otlher plrce- mairker. lie entire t urn froni anly poinillt 1d bac)k

WIND

'A
U%

110
' , ,Ai

30\

• __- _-.CLIMB OUTBOUND ..

Figure 17-6. 210" reversal
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to that point. takes 7 mill. 30 sec. if you use
sec. turns. Before you can begin such P reversal,
however, you must determine wind drift well
elough to be sure the turn is made upwind. It iS
not nece.var" to know the exact amount of wind
o(" di ft--oly the direction of the drift.

MISSED APPROACH

As you pass t'ie station, note the exact time
anid tl agi t ; descent inmediately so that ,-o(i cvani
reach the minnimum altitude before reachiiig the
field. Frequently, when good visibility and ing the grouid into the scan as another "'instru-
broken or ragged ceilings exist, you can proceed iient." Unless strong .rss winds exist, the air-
vistiualy from a polint near the rmige station. If craft will be alilied with tile runway whlien the
the ground is not visible when you reach the mini- p~rocedure turn is completed.
1n11n1 altitude, mainhtain the miiiiiinuin altitude tinl- If you use the 40-second type of procedure

tilthe Itati -to-field1 t me has elapsed. If thle turn, the aircraft will be app•,,'imatrly one mile
4otIOiiid is still not v isiblte at this tinie, initnediate- fioi tie end of the runway after completing th1lfro tolho end ofse appoae procedar foe copltigth

yfol low tlie in isse approach procedure foi, that tiurn. If it is desirable to have the aircraft closer
stilt toll, to the end of the landing runiway after coilnpletill"

The niissed-aplproach l'ocedhuve for each sta- the turn. you must start the procedure when ap-
tion with a published let-down is listed in thp In- proximately 1,,,2 to 1,4 mile from the downwind end.8tomtirit Approach Procedure Chiart,. YoU must This will put the aircraft '.j to ¼,' mile from the

use Colrect voice procedures 1111d illoilltor the eml of the landing run way. upon conmpletion of the
proper radio frequency continuiously. Always turn.
carly out inistructions iumediately and acknow- You may also start the 900 type of turn slight-

N (dgt, radio transmnissions pronl~~ tlY. 17" before reaching the downwind end of the run-
If you see the landing field while on the low wa*ly in order to keep the aircraft close to the end

approach, make a landing "straight-i ' on the rtll- of the luading runway at all times. You can't start
ily inost lea.a. d with the athe low-visibility approach before passing the

exceptionally hi.lih tail winds or cross w indsi make downw1id etid of the lhnding runway, use the 9('
thii iimlossible. Frequent iy. you miiy lose sight turn since it saves time alo p uts tile aircraft closer
of the field while altetiptillg to malleliver tile nil.- to the field aifter coiipiletiiig tie tuirli.
ci'aft for 11111( ilg (lii a nimie eir'.nillthe rl . Ble extremely careful whe ll making ai lw-

Visibility ap)iroach. If the ceiling is weiv low or
LOW VISIBILITY APPROACH the visibility extremely I)oor, and if yo0u lolblt

kliioe\ tile terrinlinl featlit res oi- obstrui'liet i olil- ost-
I f a• st'aigh-ill t1.ilg i. i., Impossiblle becialle tively, yelo had bletter comply 'with tile inlised-o)f extremely hig'h winds. obsri-tictions ( ii tile r'im•- ll,,th lr¢ elle|u Ill')e t tiea er i

way, and the like, it |n;t; b.e tietessary to make it teirirt.
,,v-1visib~ility approhach III or'der to flne 111) with

the (lesir!,d ruINwty. D1)o this 1by fll'ilig dl{•wlwilld HOLDING
directly ov\er tile ]la dlithg i'llll\VILV%, 111€ its ',oil J)WtýS Il¢ l~'l ~ t ' s 1o ,iitr l(e ie v',l

ith e e n~ d of t hle ri'l ll \ iiv , m ai~ k e e it h e r il 4 11-s e c' ml d , :111d e m nii e n t l i mil ilil I lro c ed iir e f o r hio l d li gl iili( 1
(:ll it l 90 ' t lI Vp o pl. ce ll e lll 1l . T he till it c l )e sliick iiw , If possibhl , the jet Shou ld hd h nll h it ft -

Ji• !lllld e ~ II ct, lh e r" d ili 'ect i ln, d ep olid ilig Aim o b stli (' ], 1giez. s ( l o w -;ll e~ 111lilltu e to ('o llstl V e N Ole . li -

tIio 5ls. h6i lill p'ecie colltl'ol of tll-' iiricraft hy l lttrl iwe, t ht l rel t olesting ceriti llCe to eliteforllti
~~~~~11 i'1ft lllgh, l t, 1Q• t l~ li~i~~•.;ld lv b 'lr ,i Wlitcll ordlered' to hold, file pilo)t sh(im ld ilnf~irlil
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/ 4
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Figure 17-7. Low-visibility approach

tof 111illtv,; rellm liligt ()I, h~otl.I, llý'(1lU•'1•t till Vx- prtoblem th'tl1• i io •u lial at ]u\v l,r 1tllit, ,1v... I --.ill"

to plan wltilthr y. vo ll ' vii h i to ,._oI to ll :ultvr-tiite to Lxe iii ;a turu tdurinig half the, tiume tif the cult'i,

lit ally fitutre t tie hIct.'tl:-e of itiupeltitg ftiel hlhill._r •itltill. '1'o tllllilttl'Iatht, ti lt'til'tt of the
•.,.'.l ,',l~tN%. 11(1 d rilil. fiht. fllrl'll ill tile, p ;ttttl'11 Ilise t' oI lle-

"I'leht itle htd of v,]l ,l'rillu. ;Ill tllilm o.i1m ],ho ldill- half st:II&| Id r atl ':l tilr-u %vlutll fllrnill ] til fit (, 1
]literru S.holihd hbe left Illost]N to tile, t -cretlt ol of w i t. I .•u ,..tlij ti|ll'll iIIl)ot III(. file, 11111.q, S.i/g-

til I I f11pt.I ISI Ii r,-I

tlu Iiht. 'Fill, t -',iu/ lig m t, dm .,,.t.• ,• Iulo indir'ate (11:111 Im prope~r Nvi tld 'orrecrti~ lo l ill
high ;,hh ut '•thle. 1 tI t it [it jit]l)Ir ¢.tit.;II Mtidt titlli, C"H- t'itl-re. Ilhe atin't'-:1t ; toI lit.t, II ',rolll,e nt tile vild of the,
:'-itIl~ Ing to ]rot'ed olitt-boli<,ld oil flit-, ho litg, Iv-- tturil, folh,% t], >tlt, Smi le 'ro edre'~l'. for+I c'm pell~tI-atling

;111(l tlhr11 to> tc.\ -ciltt ;I p> •u']lt troc d ll't 11111,1 WIW I '' fo•r thevt' orn)r l•,Im• t d, crhv'i t o,•r fl, iv i 111 .11.]") -,vv.

il.,o ' thle, 1 :ti ýI', ll fl-o'•Jlli 1,11ij-1- Ilijtt tilet },I l eg• ' . p r'oce' 111lll' tili'll.
A t +i,)<I) fee'tt ;Jutl 1.1,11 l kll,,t• l.\ tile ti]'ll +•I-i Y oi o-:tl1 :|i. ' l''t'ls vo'r f lfo :I helt' l .t all%%II i XidH

11li et vit.r i..+ ;Ih<otlt ,, 1111,-S. 'I'llv pl oth~ •-hloull elt el.t' Ilia ho•ldil,•lg i:It clt'r . ]h •lo " 1:1ttt Ilh le illit, y't l f+ oil
ller 1):ttttel'1 I)x t, N t l-dIropl l'f'r : l ~ lll'll. lhill, ,•o tlih m i l 1,'• <,f44 f(Ill- pn livl'l :+-o ;I'- 11) I l'll'';

.or2 l, -,o.,th,,r Il•t~t ulo at his <d •tl 't're iol , So + ],IIm g 11 1I I11.\llll oflmll ti~III'e V ( ll Ill(, thollil flyiII,• l lll1.t o t

:I- lit, r ml'tI Lt -" ,• tl il, lt, (11 11iltn 4<im ):., <o f flt-t h <,d l- Iliv S l tlIonl.

i r• ] :m tt(e 'z r .,.i ,' ;i¿t t IfS .. t fo•l'lli il t]j, I, ' ] r' I l] l "'P I,i• I)AIIl 'I'll. k• l, (.Ilh +- v'l' % ill,lx lh ,. i,!::tlh ,vS

JIlf'>i'll,;ttl)i M mll.l:• t I l (,J ulle( J.71 l .+'+, ot .%o. ' ) ' ill l+o llIlltrk.I\t'' flilt- +i r '~ l Ill .'-m 'ld :I \ý:•\ :1'+, Ill

fl' ' • I • • |l'+o ll! flit' ri.,_,l~l hf l uI •,. f-ll•J i iI. I-m itt e., I,,, :,lh .p ,, ,to , l,• fl', ll• !l t , liv, lix :1t ;111\ l~lict

ilre l! I(I"1 I+~ l il t• Pro,,•. It A• r,•~ i4 ,, I, I, , wI , :l)l++ )l.' I -o I 1 ,: I < ' i I ; I I I, v ];1 I' ,r 'xI ,I I r , 11ý

G I r t v [ .l '• I': l" •lont. d rit', ill ,l' i ttt.. viit f: fll .x ~ •r ''J qxr fll l it ,l~llr ,, h ,h :l+ltt t'tl Il ~ l

7 -hli 2l , ,llo :i llig h :!I t tl+ li:.r4 l I., I l To id I." , \ ] l :l, I Il i ;II'l llil i lll w i II,,
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fimtl Youlq :t.h. 11: I-ay de''ewiase the time of SUMMARY
"stl'llight flight awny fv l hlo tile Station ats nlecessalry
It() lk )()l the v xlpected apiproatch thiloe. As a jet p)ilot Voil will gelieilyl follow. the

ille I)lO.rcedulries on the IF,,M"F ra(dio riange ats
the c)iveiitioitll ajil'raft p)ilht ex'ept for the rapid
desc'ent to in it ial ail)toaclh or to miiiumin penetra-

There is no dlifference 1)etiveen the jet amd tion altitmle, as applicahldf and the use of simpler
~oniVelitiolial tvlller'gell"V lWoc+edurle.s. Oil tile I'11ltio fOrllls o)f prloc~edur'e turnsl:. Illi~lt I (mm c ses ther'e

lalge. Ilow\Ve, the jet pilot loes ha.ve at problem will be io prescribed p}enletrlationt for the de(tillit-
4,f wattchilig ]li• fliel. ( tr u fli,,.lt p~I~lning ti(mI 'mil'po)t. III sl c u h vl.•eiz, yoll .houl~l he ai11le
N\ill etl) o lIIllItA V tihe naeld fot -.l1 ellier'elty to )hilt ;t slitale pelletratioll that will llect tofe

,lcte;tt. Ill tllet'arlydvl.-ofjetiairucraft,.otuelir staliIteria outlined oft the begilliktg of
conitr'oIlers did :.eili to appreciate the fuiel coll- this .lulptel :1lt(l that will not tihlhitlVy eontli't with
"S1ptllt i roilit, t of tile jet :i6'r-ci't. ow, ni0ost oitier titaftih thlen 'tquest ucch penletrat olt Le ap-

controllerlS re wellar;.te of this probleilu. Still, Itrl(,l. ])eloutdiiig il I, 'tittl ioiiititoS, this
",oil im ust hw- stire that vot ate not. asked to hold should either |l'iIig VOlt oulit just before tilie low
at ill- reasollabh, altitudes or for long periods. cole, oiriented for stratight-in final a)ppolalch, or lit
You imit-it t liec 'ck y<tul clearance to approach to intial :ipproath altituide oni a suittble course to
ble ure volt have enlogh fuel to miiake such ial)- hegint letdowii to the pr)'o(edure ttirm- atin(d standard
pl'chi :1i1d letdlomw ). -Advising Approach Control iistil'imle :iteiI i c)l)ioi(lh piro(edure. I]'ý ztip)pl'tchlCes
of fuel time reniailtil, ini connection with requests ill jet ailrcrft requir'e ca efailllpllilg all judg-
for cleml;lv.e or h(ldillhtg ilistlIll('tiolls nIIin• help inelnt to avoid excessive tlie of fuel or1 a missedS]}l'ro",e!It tol'{tille from dle\'ec(+liJ~g. H)])prokchl.

"I'A PER SECOND

I-MINUTE PATTCRN

'I PER SECOND
N A a-MINUTE PAflERN

A N

Figure 17-8. Eiliptical holding pattern

17-13



ALL-WEATHER FLIGHT MANUAL
NAYAER 00--80T-60

-CHAPTER 18

RADIO COMPASS PROCEDURES

PAGE

1. Operation of the Radio Compass 18-1
2. Irregularities of the Radio Compass ....... 18-4

o. Mountoin Effetr. 18-4
b. Twilight Effect .......... ......... 18-4
c. Shoreline Effect . . ....... .......... 18-4
d. M ercator Distortion ......... .... 18-4
e. Inaccurate Heading Determination ..... 18-4
f. Precautions in Use of DF............ 18-5

3. Uses of Radio Bearings ............... 18-6
a. Pilotage ......................... 18-6
b. N avigation ......................... 18-6

4. ADF Methods and Procedures .......... 18-6
a. Homing ......................... 18-6
b. Tracking ......................... 18-7
c. Station Passage While Homing or Track.

ing .......................... 18-9

d. Tracking O utbound ........... .... . 18-10

e. Interception of Pre-Determined Mag-
netic Bearings .................. 18-11

F. Double the Angle cn the Bow ......... 18-11
g. 300 Intercept M ethod ................ 18-12

5. Time-and-Distance Calculation ......... 18-13
6. Holding by ADF ................... 18-16
7. Letdown and Approach on ADF ......... 18-16

a. Conventional Letdown and Approach
with ADF .................... 18-16

b. Jet Penetration and Final Approach
with ADF ..................... 18-17

8. Plotting Bearings and Fixes ............ 18-19
a. Converting Relative Bearing to Geo-

graphic Bearings . ......... 18-20

y bi. Plotting Bearings . .. ...... 18-20
9. Manual Direction Finding (MDF) ........ 18-21



ALL-WEATHER FLIGHT MANUAL
NAVAER 00-80T-60

RADIO COMPASS PROCEDURES

A I IIOLT(;I I0IIv m ianN tmv tpes of direct.tiol find- sider tlie operlation of (lhi. vijiupiliv.ll before goinig

ing and hillishi " etluil)iflelt are con glli toldin into tile 1)rocedure.

hor.e und mor( e Nvidespreml usie, the 111d(1io c()nipa.' •

still rematis a basic and important piece of OPERATION OF THE RADIO
equipmilnt for homilug, t,•acking, inteikieptiog COMPASS
c') AllrSS.eM, d si• illiii r lp'rpos;es.

.4o farl. 11" these l(- ri 101, ii e cone (1,l there Switches and Indicators

1S 110 imin portainlt ditleirej ce bet ween tihe two ridio H|ere is how tle iuho c-(i l )i - ,itches mi, 11
J.'0 1 1l iss• • e s ill u els o d a l ?- l~th A \ ',,'A I ? _X - 0- ; mH d t lh e i ld ic 'lit o rls 11 l-v il sl. d ;i ll( 1 hi q 'l'lte r p r e ( . 'Fl '] e s e ( p o ( illi ,s

AiN.'y:IN-7. T'llwv ariy e both referred to ;11 this £1J1,1l, to both t he AN/'AIRN-; and the AN'

ch.am tel ý the 1.dil ('Oil)SS (' rittoilliii - I. N-7. (See Filure . ls-I :mi i 1's-2.)

tioi lin hder (A I "), : 1 you a 'oi l o w both ill jllu t tilie I'hli ftil .h•I.ll .x /,ct!l./` hI s fouur, p{l) it lls
.1 11V il~ 'V I, V. 1:ither, (,(ll)l :W ill sk-l-e Yell :1ýý lill)| ) I -''K <([ i ll](l:t \t l ]i• ) s•

excctllerit pIe'e of unvip tioIIUI ea)lli 1•(tl' it You I ioll,

lv~e it properly. It is dhlslrable, therefore, to cool- 2. com..--ii this po.iti 0 both tihe loop mi(d

18-1
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so oil iot. or tv-1n11 brnn o m nllst Ve' stitOll oi1

41 Tuning Procedure

" ill thW ANT iI)~tOI titlle11 to tilt- fltict thlmt theV -_ervO
iitt ' illot .\ III~ eliI l~ntgt 1w vi-IN Y tileak6ltnof I Ikep~~~ on whel l tilt il" Fo 0I, I&.111111 l II*WIhgjtNntv'on tittol

xt t/l it t jwouti box i/lit/it to mal-vim/ f/ti.

ý2. If 1f/ .it ilftiiifol, . ;.q'/ ii F hl /Ii" t I/ t ffti AN'!

i A Tjt/t l 1 1,1/f \)(li f .it /I f/ ll witfo/.

itj-t O.tl 1tItimit It/ crailki position 111itilili i II~ItI.I

_____ 11 to id"-1tifv the statioln.
Figure 18-1. Control box AN'ARN 6 :1. Tu-t! t~ 1w~ ac,4rd ' low~i/i(' :

t" If .O~tiII i It tjiec jt)! iiltht!'7'lil ;i dv o iuii t t'týidi fratur b ca isetrinflt o th-~ re

I~ fposit OII. Ni1 tI(011~tt

7'he S /Illior;I~td XIjj /f t('fO, wd w~f~'il thesetsl!X oplerae sil as n te(-irp ,;~otteA C (m

the ani al' ovlatii ablecfetioe fllay r illto voIllvoirl oair aue h ylC11

:', 41 I t h is. k ost'.i lA ie seli

~~t~th St)illn k'

1'i~rllt ' 2 fill " a 'llollt 111 o rd .viur Ow-2 Conro bý A A
'Imiz~ll. sllelle~ lo~) I, 11ml lm" ývr vs a,'.

7'h t~in s,4 toi wit(t s~cus iv o e (UItefil vial rqe~- mlý
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•i u t o<t• I, ho ,:d, ,l III the, t.ool, positionl ' l' l' tg i~ utt ,t, .\Il uul " td ,:1tv

till, lbop nateni;Ia unit:l be s0 ponsitio iled tlit it is b II . or ,l t,,f to)l , l ii'iw l l•, '.h• ,f s I lt 10lI1. 11n
lit t ., imitll (thirt is, thi hole of thel loop points this Cti.et sO.le, the in l ,e fif the fludIt' dltowstlit,, tittivt

t( f I.kIIIt,l A i t').it I , I I Ih Y.-., Y g t I otItl ) igit, tIs. I titit I wilt t ilt' d i a I rIi lgII i ., 1 ll t it-I it -;t i te I I Ii-

T l'tI' lle I " t IJ , I I I (I 'q tl t' II I.oawH p sl u I (I, II f~i"l 'tl. a io, tIlavi~letic' ( (w tru1 t, ) I wt, 11ill,.r vq 1:1l-, 111it iI 'I livt I ( w"

':l1(n,' i" thill't ii et'gl d.-s of extl'tit+' v tatti" wm lu I'ttre) heinat g d" pluts mela't 'e iearinl.. •S ti;'i thi
liit,+'r rltt' i 1tit l1111y lIt' ,tolt tIiied ill 1.4101' lttisit ol td al riotitt, Ikt, to ilte migilet I t l itiailig atttt i lit ill V

htoc't'lt-i, thi' loop( i shit'hhe'lI. ''ll Ise the loo) tll i-', ntnd tilt, nit',tv tt, jioints ill til' diilti net io of thlt, lola-

"\ o l' j;lllt iot" lill' lto p ttiilaX tl n AI y flt b ti 'lt, lE'- Wift" ve tte it' lt e lt , points i Ml .illg ii ag.I whlich

1:1,,iI I +I. I \,,,Itch. If n stkti : lll : I I rali• ' tu iu t il sli wlt it' h• t o ttil li p ilsh Iiiti i ,t,;ta I l . ill lotetlit

tin.iitiuh tui eoti'hll xilllt)1 1  Ititig rt it' for ; il a,"itnlo~l+ foil'tn , i .'Irt t eat' fueitjiieit'v lt+lill .I (l~ie t.titt. 1"- ot

I" -()It' lm'uitoll tilli' II1 : v inil I o d f tIeA aIit~ uIiiN st in Ii', fm_-uc Iio In t:gi k ntuit-or

It v.I"k, 1 :1 1ti 11 t it " vle h e 1 t0 ;il l~tl. 
1 

l it'll. tiItt to •ti te tof le ':l dit I, .to li asilt s ftto N• iftF111:1 ) I V ti -

lth it I I:I l tit cIIIaqI(1vto the sZ at l .1 hOt oalllh. O I jI) I., tin'I di stItI fgn, tilt- A tItI ota I N hIll 1-1 S, v iI IIvS

ll. ' ., ilt, 01 + t ililt \ lti Il 11 lh ilicti mi t \Illt' ) I Itr .irl ollNu a lid u, to Inw

un t]', tnt if', t/, in /;•t/' t tjt',, /+ hit't din . tlit't he ' i l lltu .ioiu . tlW +; t' l ., ," IIl +t.t fii ,

I A I F I i,,1/,/,,.-,,t /j, rwl;f,' s.l .,..., /11, fit mt.- xi()I(l- V \V S\\Itc'h to A ,\v'. "l'htI IvII Io ttI )I I~3( l Ng w tI II

i•',t i . .. lll,, t it' Ii i t he wil l i s i tilt' . o.k 1hhg, i .- it smittc] to t limtI l-Ut . i,., 'l millt | signttl.nof' +i IIIIII ( l:11Ivit,•)l lot I) l'tlI I re+, pett I I I l fo - 111t:1X I Ill 11 fort~l It'si red I heat fr q eictyU•,ltx Ill tI he vitlvhp llo ls, nlot
l.Il tl , '1 t t~j H)I:jl h ,. ll ill :,r • l tl "] l~t' h .:J,| , f tilt, fl''''-"; I i ll|' ,' lll:IX 'Illtllll ."i ltl +"II'' l t I . 1 i

tIt IIll Pl oing, t I livt- .w;I'llv . f u lhi I':Idii l -ti tit ll (lg. fie't'ii uftit'•" lot'tuihu' 11 W poi," t sll , thriu h til e stltb k-
lI ,I 1 1 11W •I 1't' ;Iftf. ( )II tilt, At 1• \ )l-'" i~il ica•' tor)l 1 WiL Itld Ilm se:,t ;111(1 SlI ;it"i Illt( hvl" IlI ll :1 1,-\\m I to litv.

thI ,s 3 1 it' ti ',,'t it.'\il it- ulil. l I t It.' 10i) f n flthy 4t tI t hmu llit' t ilin "' tto lit- ittljtif tvd frit ll I Ill to

thi, ti vigt';tor s thet zi o ofi 1arg e ploitint . Oif tth, ;is tinoe diiti lt'i, fri tlli the Statiou (o t'h1in.ts iSI1S,.<n~~llv :.tl.lill, indica':tor Iml'"hy + 11 "VA]I adju•st- ordel, r t) llImilltml~ till, most de-,11l'be i v •at to•ile ill

mituift lnobid the eI true or i'-nttic headint t is illi iailholit,. .Now rugtutt, thie loip 11l'lfinilt'5 w'ith

'tlltt ill, the, in~dicator will in -i.te tn'll at orl ll'g- lth hn-d switc.h to th te mi) ni. or mll signal.
lim' Wt hv'•til t/.l", I':-k-ptectivelv,. Stlich iii'ti(,ators, (Fic'. ()It; vild ()f the' lI'iv d ell;'|ow\ pwit'ts itowni-rt tie s-tll-

I•-3) :11vP 11 clvltO ltl'oll, andl( 1tl11al N." fmitllt| onl~ to.at tIolH alld t| he' oth l.r Owlt it\'i', fl'on|i it, but y'lll don't

the Tillvigat oln s+tatiohn., ill, ta'g,' filre.raft. If tho knlow whic~h is -whlvit . "You c'al ,,olve thtis, 18t"
;Iiicl't'itft htt, ils ll l-tM l t.v'lv of indic'ato~r (:11r-el'aft. :1111bi m~l ' t " v b hv till. )+•it'll na l ]111 iprove'diln'ts do+
wvill l th,. 1(.'oI u 11 t.11:1: lY•,, haIve, N-0)11, 'Fal' i n'l or" Scrihted lhltt~l' ill Ithis.t-Ium lter,

-. '•+VFigure 18-3. Indicator 1-8 1 (left) and Indicator 1-82 (right)
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ALL-WEATHER FLIGHT MANUAL
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IRREGULARITIES OF THE RADIO Shoreline Effect

COMPASS As.1 radio wvaves p.ss from land to waiteir, their I

Mountain Effect (lirIctiorl of travel is c'h1liiiged. '[his is klit"\'l :ko
shoreineiit1 effect. (See F wirte l-5-.) T•'ca.se ofW\ l l Yu w ll.'- th e A I)V", ove d elpo ."ts will .A1O relili, effllect, a bearlik" takenl oi l inland sta-

Ollltilll . 'l t ilt- dl to de h ct oi l' .ll i l'' li'l t' o Il l- ll t if-

S~hlctlliS iL~nc te lcclie1(1tl~lt~ oi ViI~l(. I loll from anu ailIclIft oveI1 \ater. is inlacciurate if
'I'le refICt-1'l Ill of 'I a\'cs luooifrom IlllllltIns 111\ it ma~ktes•ll n lleuh. of less thilll 3W0 with the shore-

.iso t sis' rl' ltOuls ol" fluct 'lat li h)t i'e.i-, For lilleQ At "rel( t(.,1 alngles, ueltuIllig is negligible.
thi reo,.•oll, be cniefill ili iiiih blti 'ill-rw taken iII

tusilig When takinig benriiugs over- \vater, tlietefoii',
thI wi' ili.16 V i f4 llt I II ltai I Ii(uis t 'l'alill I. ilmise it hsA tions right on tihe* shore, sluch u.

Twilight Effect I, 'ill ii .'-ItiOll.s, O1 .t itatil1s 5t) ItlocatCd that btil'i-
k ves rcctd by tie ionoslhere con them mi ke .li geate ta 3) ith

Sky it eS itieted y te i~l~s)IIIC (0 I the slIol~lilhi 1.
hack to tilt- erth at Solme poillt beyonld :10 to 01;

ililh t',l' il tilt, sltaion anld Iu1;1 N cltilSC the • ii•ellt' M ercator Distortion

to 111luh'alt'. hll, ellel , Whiil' i.s soetileti.li.ihiO'er laud, a pilot, or lnavigator setldoi<n taikes

|tight o'tled, is; Illth)SI i'r\'hl~l~l thulrilf IviOis just r bearin luouugs oil in distimuut radio statihm. Over
before fIc (id ifter ssise i.,nll si.et. ( ;'lel(al~l, vO. ,'ate', liowever.:a distanit riodio staltiolln. "SpCiitily
tilt, gi'atel tlhi' (listallete froul li statill. the l111't [ (lllllleliial illliltU.t st t 1(1l of high tOwer,

p 'li l t I iese ili'eg hilIritieS are. ielre iS may be tile' oiily a\'tiahile aid. III tilis sitllllti)ll
] ittle i ll- lo el'lcd "v for it, bilt yl cal 1111 luillilllIZt' 'o)ill coll•-ihI'r aulothiel" factor ill tile p'P 'es,;_

lilt i r'l'' . b\ lk[ illg ili lLveaI'- lalta' of tille flilctuill- of plotting bea'i•ngs tii tfil l)position. Radio sig-
I Mls(l . , ( 1 )I - b I ' e s. O l ' tl i gl I t o lpli l u l I r o e d ' u ' e . ; . h l .l i f o~ l l o w v i t g r e va t ci l ' h ' Co t u rs e , w h li ( ' h l i . t i l e •

Yo laills iii i klintlt jlaxg tOli 111t v11111 uiiill1( coLalotCltlCilll. li1-i h
'1 V hi tldl ll~l' t ellll~t'I' ]IILXiIl Iith l n iht, CILte.t ill C - shl.OIt'St dik tilllii' ovel the cilCli'aVe' s-ll fc I tI e

tieriial stattlois ll fleilli ullilgis fri'"Ii• 1o. I eathtIl to the receiver. This beiring will not. foillm

,'; lilv 'l ll'lqlu i,4 bi (Wiv 1001o1 kc Itlle gin rially : st ,lllht h i 1)1 < I Merclatol' thlilrt whlielh is 110r-
hlv.s ý-Illje ct' it) th is ivri-eularity. .Ad cock r-adh) iiallyN itsed fot' ocean nav'igation. H owever-, you

vallges svelli to hbe lellst 1t1i'ecte(I by thi s plihemllVl- f'uinul tile, angular ditl1'er-el'e, nIelIS111'd eithier at

()1l tl' th' V 'llIi ate f V' V V ' thl :il''ft Ol, Stialtol. i(t Weell tlhe obsteved great
0 llt'll~ll h igul. il'cile ne lll11and the ]ill . to dl'aw to plot It. Oil

the' chart. lse tilte (orrect'loll hlo\k)ll ill tile I able

( "igu'ts 1s-(6). ''iiis col't-ectioll is not roequired

for north Ii solth Iibearings bt:auiwe it is the differ-
ovlk, of ihiIgituOdlO \\lhih 'll'u.,s the e'Iror to all)pear.

If \',Iit ilrl in llI)ltlt , laitudit lid the cii'rel .tioll to

the. |)lelblea lltg if the IlII':Irtft is wve't of the stitt Ol)

1l11 u•s.listrait it if th1 , elil'll ft is astw -tf the StiltiOll.

Ill s th I lllt ituild,, sign" (I)Uls or' IIuillis) lte' ICe.

vers(e . it illakes Jilo iilhhu't('llcV't wih ttei' thi' ciir-
r~vtjt'll1 i., Ullplied to) the, ti-utv hearling ft'oln the

1iil''raftf or1 it•i recip•roca. l frl'tli tile Sltationl.

Inaccurt te Heading Determination

If th. \A)14 indicatot isl ithe RM0I. tlhe lMlg-

% %Inlvit be:11-lil,g (l'('llIIVv' hphl'i l ý ý] ILtlllillitC

W htmvc'E ]+- h it] li,!rillkv s.ili\VLI. Int d ivl ('li vl-V+l

"• • . , - I j olla ] A 4\) " , }h ow v t'v v i. y <)It lll w z~ l t li k e t ilt e l i vld' t ill,•

tfr il f i ll, ' ll l l ]l ( I I I ( t' r t)ol' ' f o r ( u 'xi itt i o ul i f l u ' i'.
Figur,. 18-4. Radio M agnetic Indicator I-;lV \ ) tl v 1,111 l ii, ll ll -1,il tli t'lili xe
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*,STATION

1 0 NEGLIGIBLE DISTORTION ACCURATE IBEAINGS ZONE NEGLIoIBLjE DISTORTION

Figure 18-5. Shoreline effect. In the zones marked "inaccurate," distortion cannot be calculated

beztiit1, frin(I tIte AI)F nIeedle. You can• ake si 1tn.einthie that the autonnitic features of the
iti .-tlnt el't'ors in postiilon (letel1itl1itioll, palrtict.- 2':iadl) COlnpiss are absolutely i-eliable wily weien

lhrly in taking -i teat-in¢ oi it distaint statioii, if ulsed ill t0rojtlliction with [Ill equlpilelnt lit your
V'olt (ll0t tietetmillie the heHding ac'u'tttt. Re- dlisposal. In the absence of inore iil\'tlvt(imled il.i-
ltoletlhen. ti,. thiat in ti':ickinlg olt %'()Ilst follow git ottital aids, you inust conltin•inlly ver-ify your
lI,,Iatliilgs :tn'i~tel follmed to lintke t (qtuick aw1idl position with iefei-eli'e to 'adio 1-'an1ges fill7 hettyl t,01-
31('-(-t'it. dift dteterii Illltioll. with the lttitlllttitj' fentlve of the rladio coplnaskis.

SPrecautions in Use of DF I'se the itni'i-l null l>rocedt-es set forth hel-e only
r ui i DhI there is lit emeergenlcy dluC to the lack of

VIhe y-oi1 home on a very powerful nolt(-i- 'nnge facilities oi- when precipitation static pite-
recliot a I tall rio stticloI, tile 'ol ilitle tIlily a.tlpeile1 to vents the ide(ntification of rnange signals.
Ietll:tlt ('oiist:tlit for- several wiles before the stit-

ti bi is '1eallhed a~dit oftel1 after it •s patsedl. This
it hkes it titke ittieh lonlger to determtbine that tile

stiltt ot 1h11t beetl plit.,set (. a f O- ce .1 lqlwd. .1 plo o fi

W/ It1ll voit use a s-lngle frllelucV 1oo0) 't0-
2 2 4- 6- 6 10 l2; l4, Ih, 111 23, 72 2 4-126, 20, 3

toll,. th,, Ileile wi1ll tend to o:ciklliite 'tithil ,tp-
) i ll l ý 20 l of the s tile < 66 09 1 26 1.7 46 SS 64 73 A2 9.1 10.0 I10 11.9 12l6 11.7

l' ."cIlli r t. 7)llnti ll(CII as "l 63 09 1 r 2.7 6 C4.S 5.4 6) 7.1 SO- 8. 9.0 107 11.6 12.5 o.).
In ,m y l o e 40~l ob 0,9 1.7 26 IS 4.2 S2 6.1 6.9 70866 9.S 10.4 11.2 121 12 9

tlet! stt il. env von :Ire oil Ut "Ilt the lil rge S? 08 1.7 25 14 4.7 50 S9 6.7 7• 14 92 100 10.9 117 125
S4 , 0 16 2.4 13 41 49. 71 4 73 8.9 97 10.1 it) 12.1

le"', tite ;kvvetigv of tite o.c'lllittloll will be the (0.1- Si+ 0 l.- 21 31 * .•t 4. ?ISS- , 2 70 7 A5 9.3 0,1 106 116

ilect bulki-iig. XNltle voi :Irk ill t"ilV liltlle of the 48 0.0 1 S 7.710 37 4S S2 S.9 47 74 6.2 .9 96 10.4 11.1
45 0.7 1 4 121 2i8 . 4.2 4.9 lS. 62 7n1 7.S SS 9 2 9q 106

,(llillmi,:1it, ote of tdlw kXtl.C,,ti S .,ill b7e' COVI',' il•t (, 4,, - 40 07 14 ?0 27 12. 10 4.7• 4 60 .7 7 .4 80 6.71 9.4 100
*311( II il~l 111 )O 9 0.5 1.3 1 9 2.3 1.2 3.6 44 so 5.7 * ) 6.9 7.s v 1 .1 6. 9.4

it is twst to sw itc'h to, !oo, 111d i ue m -It 'll 111111 06 1 2 .101 2.4 110 3. 4.1 4.7 l•, 59 5.•64 7.0 7- 7.6 1 .7
'Hilitple. The ('lI:stI-t'ti;iI1 aliol mtlttetllslis d u1t ill - 3 0S I I Ib 72 27 3•h •) , 4.4 49 S4 60 b. 7.1 74 61

3il)~ t~ olit e~ llshe tl iigttii 0 0.5 10 1'S 20 2.5 1.0 35S 40 145 SC 5 5 60 6.S 7 0 7.4
lo p tlto l l-v I-s olsbl ol t e t.i le III101 II 7 0.5 0.9 1 4 1.6 2.32 77 1. .6 4. 4S S.0 5.4 .9 6.3 6.6

'- '111(1 . *) sinlgle •1 .24 07 0 1 14 I2 16 1 7. 2 .9 3 2 36 4 9 4. 4.6 52 0 S
.ot\llel -t ~i, t.re l t i teIll I tit( 1t'el. - ,4 0.4 0. 1.114 6 1 4 7 S2.9 3 .2 3.6 47 9 44 4. 6 S2 6 6

Is-lI(~. 1 03 06 0.9 17 l 1 .9 2. 2.5 28 3.' 2.4 2.7 4.0 4.) 46
,:,,,.,]l,,,,,., :loop 'allge %% ill give pill-.ti,(,1111' [ " s -03 0. 0. 10 7 ° ' l' .6 7.21 2' .12 I6 2 1 I . 2 ' I

12 0.2 0.4 06 0.6 11 I 01 3I k1717 1921 2.3 175 7.7l 2. 9 .It(it' SLllt( A. I) , .... tst s ti . (tIt,. o tktllige . 9 02 03 C. 0 0 .1".I ,f1,1 7 I9 70 2 7

l lli( S1101111 he tu m1( to tl' 1 l -lldili'Iti ollllt hout- 6 01 02 04 0.5 06 0.0 0. 9 0.0 l10 1 1 .3 2 .0 1.4, 1 . b
itg fi-'t':jllcln'vl's 1 Vlell 1iig tle AdctI'o('k lange. . 0 07 01 0'

"tlhat is, tile Illhlih-hiefl frt,,lliellc' which is W- 20 Figure 18-6. Correction to convert great circle
.t,,., 1 o%27 r 111111 tille n'llnge f'e~lilitl'tiI. bearing to mercator bearing
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USES OF RADIO BEARINGS -,'tilel before. I Itir'craft %hiIch haive t.tiI ratdio

T v h1  g r tt.'O l ,' control boxes, wake sulre •vou un" tliit h .;

ft''o e frollthe idi (' l-N t'ontr'ol cIf the receivvet before you tvine, till, sta-
\:helvilel' ill .\ I) I I. M 1)I. nuIt p)rov'ide ilt.•0\ hkiln1, lion. ()Ot lit- A. N-7. the box ill control shoi .s It
of lla)-iga~tli(llal] 1llfo')llilat'1oI. The fo)llowing out-

1 gifell lighio. Allotliei \it\ to hilld out \ldiethel'
ti1ve ItiIv hipllp yoit viswlilize tlhe, abilities (if thet*'box tiltt'o l i totntci hefhtttr iott switch

l"Idi{)~P uy boxlilS e;sih c)uli'erol' is tolii',;t' (lie.fud httel
raiotvoli paut: e Itthit ach lioctih ih-disvlsSd later toloi.oop andtr ti-lhe I.-t switch. If tie loop lotates.
iih tile chalpter. oillr box is ill' contiol. If not, dlepress tile contr.ol

A. Il'ota(1e (N'ioVigiltional l)proce(h'es with- iuttoit ot thie box. I)epressiing the buttoto oit

out plotting position On i chart) : either c.ontrol box shifts control from whicheevert
l.iwiuc;l. Folhowhtg tilettttul or tn.e hx is thel ili ,onttrol over to the other box. This

p)< s i l io ll t o t il e A i ) I lI tc e d ie i n t ol at S t a fll i ' -o edll.Ir l ' h l e , o f c!o u rl s e , i s ullll e c'e s s t rl Y i ll t ai l't'l tl f tIf there is :uil * O ILro aird, this 'esuilts in it with ()1•]v ( ol e. conitrol box.
clr\ed track, with the curvature increasing

llie slt aion is app)l)roac(hed. NOTE: On the grountd, of O\] when yoU
•2 . Y ,' ,,, 'in ,y/ . F. ly ing it se r ie s o f h etild in g ss n ve fl y ling V I 'RZ ill .1 ki low i ;I T eI ,

to w arld o)r a w a yl f l'o ln it s lta tio n , m allk in gtl coe - c hiec k tile . Inld ica tio n)l o f tlie alz i illil l

ret'tions for durift as it is determinetl. This te- nteedle iot ti(CutI'VŽ ag•illst tie
slilts ill a series of straight-lile tracks, but known direction to the station.
eltIs u1, w\ith i Straighter' and 1 r110e dl c t  Homing

tl'avk thanl homlinlg. It is considleredl better Ioigi liFt( icato m ,ail

1~i)1) tkc'hili(lW IIii-111.1 110116h1g . re0q1itied To, Ieep.tl e I t z oim uith needle oin 0, unltil

.iii, t/etdill/t by which 'v inteceptt /, I Tiiis I eles( ststion hits been readcied. (See F igulre
ii Minliiie techitti(lll I) ou'hieh ,V )I inteil'rej)t It 18-7). To Lead the aire'aft towtard the .statton.sjiec'itic' itihiotitd (:1r outthottit) lieuri-tg to a "nntuii•)1wi r nnkt tw~ti

I'IL i(, fltt' llt elt eltl r ke II tutrnl to Zero the azimuth needle. All
rai aiiyad fe necpii,(ik turns dur'ing AI)F work fire(. mnade to a I W lledt VeI-

on tat Ielu'ng. ninled hetuiding,. becatuse of till inherent dip error ill
4, /. .. ,];,~~' .r,. I'sinlg tihe raJdio the radio coltipIt.s during tlltl-ms. "Y(o deterllille

c'()n plnss to establish distaln ce fro l it rtfl~lio tie h ad n equired to cente r' tie it/im nttth ll,,edle

favilitv in o l'lei. to est:lblisdt :In pv . t Ii lt the heading i
fo on by checking the positiolt of t liztilillith --

fi'c i I ty w\'ill be app~roached1 or to detv-l'lllhe :letdle Iehlk liVe to t)t oi teile nItilttll .'ts-le ,xthile
lpoisitimo its it p •tisses hi-t i;:f t.e l t't•r IIk l le, if l tl e livedle is t20

5. lold/Iql, L'do,,'n, 01 .l/,/,rr,, / h . .',,lti

Vb arng to tilitail to the left ojf if-, make I turn of 20 tof the left.

ge.ti' it[t)1": tl'~si . al- e~ig t lall
ot . will A fter ti(, tm a tke i ll,t turn, t hect tti e ,izintlnth

ri eh p ro ced u reel n eI d le a nto i L itn I sn i ' SI II'st tV t_'r t tiit e s t if It eC.-ot

8. .\ i~i'.s,' fti (t , o f t itoti touhi g s pl otted S.,rit n to Zer t thie tazi tta th n ted h ' tt.
SI. Fhll'l) tt1 iittt i gIf there ile noitl withi tab'ly fyvit. totit, itut'n

o . Plohtt ing lilies of i,( tituiti, heading that oritui'ilily tlhtceI thi e izi utth tleet,-le

Fix es% . fl':]ll .-;illýJ1D Iatl i lll ,;1- d ()ii0 willt k t, hetn itt cl''of hfti-g es o t s ttiinil. If ithere

t., it cfross rill(1 it is I tteei il'v to I ll. pot sli ltil i'or-

'FI. liXtst step Ii \1k 1 '1Ž II'l I I 'i ltit) . 'chll sN. It' vitf lls f'ott ll tu illt(.ti ' fill](. Ill (nt det l g o keelp a tttil-
1. F NV"fom r dloh i 11li s n o e IiIi' n of 0") oi the lizillllll h st'llb, AS, v l Iiiilili(lill

is f po.S111(>). it c(llstllt gyro heading. the ditection IIIt(I Illlgili-
IIl~h, of IIlv :lzi:111Ii el e ltt dh'lev'iatli ll ini cat(lles, thle

ADF METHODS AND PROCEDURES ?lle' i) Il( lll=e'(fh,'t,s fil'ln.e~l~

p rI l ' . lr l I -1 t l h e l l ? 'i l l ,i l l I l n e te d l e t o • {) ", I F o lr tx a l l lip h "

The liiv•,t slep Ill 1111Y.V rudito coli+pills proceduttv if vol, malintainled u conistiant. g r- hevaillinv 1111,

i lhlproper tili/2, l", ihw lhe ittltliod dIe- aftier a lilttl while, the aziiitttth teedle wias dis- t,

18-64k
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ST•ATION placed 20 to the left of 00, you should make a 20
change in gyro heading to the left. When you

0. n1" complete this turn to the left, the azimuth needle
will again indicate 0°. Similarly, a displacement
of the azimuth needle 50 to the right requires a
tui n of 50 to the right to return the azimuth needle
to 0. Thus, when a cross wind exists, the resultant
flight path is curved downwind.

This curvature increases as the station is ap-
proached. as shown in Figure 18-7. The closer the
aircraft gets to the station, the more rapidly wind

4. W4E NEEDOU MOVES TO TAIL POenoN ME STATION drift causes the needle to move to one side.
4AS MEIN PASSED. For this reason, homing is considered sloppy

flying. It is easy but not precise. In addition,
station passage is not made on a good course for
continuation in the same direction outbound.

OG. 3W Tracking is a better procedure because it allows
for drift as the station is approached so that, by

S ...... the time station passage occurs, you have found a
heading which allows for c.'ift and which you can
usually continue ot,-l N i.hout alteration.
Actually, many N! I, 1 ,sre the word "hom-
ing" to describe ti,. tckii r.,ocedure.

3. M DOT O Natl MCAEs WINo micnoN
=10E1A MOME TO LEM, WINO 5 NOM THE LIM. Tracking

asARTC instructions, terrain, or restricted areas
may make it necessary or advisable to make good
a desired geographic flight path. This is known

e• as tracking. "Desired track" is synonymous with
"desired magnetic bearing."

Tracking and beam following are very simi-
lar. When you follow a radio beam, you hear the
aural signal, and that indicates the position of the
aircraft in relation to the beam. When you track,
you look at the azimuth needle, and that indicates

2. w MEMO MOM, TURN AIRCRAFT TO 11CENTEA FT. the position of the aircraft in relation to the de-
sired track. The problem in both tracking and
beam following is to establish a heading that will

) regardless of wind direction or velocity. The tech-
"nique developed for beam following is applicable
to tracking.

To tratck inbound. turnl the aircraft to the gyro--
heading that places the azimuth needle on 00. If

You iimaintain this heading, a cross wind is clearly
indicated wehe the aziitmith needles move to the1. Affitl TUNiNO %TATIOM, TURN AIR CItA"

TO ARO tMI RATIO COUAR AIZRVM left or right of f)' (See Figure 18-8.) When you
iE cu. .'Aie i distinct clihinge in the azimuth indication

Figure 18-7. Homing on ADF (2° to 5°). miake a coriiective turn iIn the direc-
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Figure 18-8. Tracking in-
- bound to station

140 1

0

Vg }" - -C-INB U I ,8

1). .01 0A

RETURN TO OWKINAL NIAbo6
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1. IIer 

"

- t31 iII wliih tiln wh i the n .eedle iilsuvilig inl order to re- cIraft is onily 5i mihls from the statiol, however,
K .. ain'rc'ult thei [lesintl |i'ittrk, If the initiiith nieedle and the im/.tith aiiteedle of the radio compas(lus ill-

Sil<iPs rigiit. the illttcl'i')ting, tllrn is t the right ; dicates it 50 depaiture floll the desired trtck, the
if thl' iiceile imoves left, the Jinttrt'eitilig till'it is to airi'i-tft is less thiii onie-half mile fromii the desired
til, left. TlitIth, of initercep~tioni should he sUffi- track; tlherefore, it S1111111 angle of intercepttion is
i'illit to letll'li tihe iti re'nft t t lie desi red t rack 111( avislxbi.bh, to I•it 'v lt overslhootii•g.
"m ,vi "11"!/-fi.. .h',' '-' lj' ' tA'eo 1,u 1 /, 11ep o//+l,'. A rapidlt depit ture fromi the titsired triack in-
of di.1ift, dilittes it st ,olig vl'.s %% liti whtei the liiririft, is 6ii)

TPI ligilit , of this interceptilng ur( doe- mtiles froill tile stlltiil v l vt, * ' if the Iii(rillift i.,
jlltdls oil the disýtli'iv f'rom the staitioni, the tirle oilil y() :mihles from'I lthe stationi this s.miCe ritte of
atirspeed, lthe i-xisting wihl. ltad how qluicklvy youi dplmlltrt'e f'oi tilt' ,iclv'ivtd l'tlL'k indicates only
N\il+tt to It il, l lt• if) F'01,. ]" ' tUXILllplih' if 1 ll'li~ - hiltf thitt 1 1ltit~lol of• cross., Nvil~l(. AS yol doullb '.
C'r~ft is+ ")" oil tractk, 6+() milhs from~l the, statt~ionl it i's the, 11.11v Iti',.l-sp tet]• y'ouil ohmblv tiltP t, l'etlivtllte."', of 11

*+ l.llts from hlit, dles.ir(l hosiltjol : uje tt lirge aitgle drift iol'l'tiji.( loll, hlld theit s]tieve J drift vil'lctt'lil

I'f ilitel''upI)t1 loll 'ctllt thii will rietturn thef air- foi ii give'l wilnd is cut ill Il1l1f.
jullft to the Ith.sird trtaic luicikly will allow more A ftetr estiiiliting the+ liigh.h of itltereeIptionii

t~it.l fo.r (hlewr•,oiflil drift corJ'lteclio•Il. If thet+ ail.- llvtP'tsstary, to• return'l tol tll(! dhsilted trl'•k hol d tllztf
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wigle utist aliiwas he greater thau the inuniler of iiecessar IAs all iid to detecting this proxiliity
degrees of drift), turn the aircraft. toward the dii riing tile approach to station.
track by that anil nt, usin.- tilie 1I or Heading If you're tuned into a low-frequency range
I11( i.atl.r its the prii'ary inlst itinlent for direction- station, it .urge it voluiie is apparent as you ap-
oh c ontroln. I\'hen you colplete the turn towanrd preach the statitot despite the uttoitoiatic volume
the desired track. tie azilillitt liedle will indicate control of the radio conijpass. This is the tirst ill-
the angle of detiection of the station to be on the dication of the proximity of the station. You

jl)ISo.itte side of the zero loint, nilay not notice a surge in volumie as you approach
WIhen tile deflection of tile atzinuth needle a high-powered broadcasting station; the volume

froill 0" hecoilies tie salie as the nillgle of inter- level often renitains unchanged within it large
celt •ll ((rigi, hlly svlected, the aircraft is back on radlius of this type of station.
the desired track. You then make a turn to the WVheei eolti are very close to the station, even
inagnetic bearing of the desired track l)pus or a slight departure front tile desired course causes
itius ott e.stinuated correction for wind drift. It a large deviation of the azi mutih needle. It is de-
is ite'es.sarv to lead or start the tiuri to tile litag- sirable, therefore. to inake a correction in heading
netic beitring of tle track hefue the track hias as soon as tlie compass needle deviates slightly,
been reached because of the radius of turn of the until it begins steady movement toward the wing-
aircraft. 'lie aiiount of lead necessary depends on lilp. This can best be explained by considering the
the distaIMe fronti tihe station, the existing wind, the difference in width of it 5V angle at varying dis-
iitIIIber' of (degrees to be turned, the true airslpeed, ta ices front. tile station. An azimnuth needle deflec-
tool tile rate of till-t beintg used. Since there is tjott of 50 when the aircraft is 10 miles from the
ino, rtile (of thulnil, that is appl)icable to till cases, station lneaiis that the aircraft has departed from
yo( titls tse yut jidgient its to tie amount of btie desired course approximately 4,400 feet while
lead llet.,stll'y, based ot tile rate at which the air- the same 5' displacenment at 1 mile would represent
craft is retiurniigtotrat'kt a distance of only 440 feet.

If, after regaining tile desired track and Iak- )on't try to zero the azimuth needle when
ing till estimated correction for wind drift, you it starts mnoving ral)idly to the side; maintain a
firod that the radio conipass nee(lie moves toward constant gyro heading since the station is very
the nos,,e, the correction is insufficient. Iti this case, near. In the inmitediate vicinity of the station,
niake a correction to regain the track, and when on the azimutith needle action may be erratic, swing-
track, establish a large correction into the wind. Ing as niuch as 300 to either side of 00. As the
If the lteedle tioves farther away front the nose aircraftl passes over or slightly to either side of
whttll you tire hotoling ai drift correction, the cor- the station, the azimuth needle swings and oscil-
rei(tiOn is too large. If you have overcorrected, hates; when the station hias definitely been passed,
sitluply ailer heading to fl" the no-wind heading of it settles niealr the 180 0 position ont the azimuth
the desired course until the wind blows you back scale. When the azinuth needle swings from 900
to tile course. this will be shown by tile ADF to 27o3, assuime that the aircraft is over the sta-
needle returning to zero. Thien take up a new tion and begin timinig at that instant regardless
heading %lthich allows it smaller drift correction. of further oscillations. Front one to three minutes

nitty elapse lit high tititude front the time the
Station Passage While Homing or Tracking azuntith needle starts to rotate until it stabilizes

'hue indications of proxinliti atind passage of lit or hlear 180.
1t0 tititi ltrlP silirili whei'thter you are htotniing 'To suuninarize the rules for tracking:
or trracki ig. it homing, the 1.etlht tends to drift 1. When oil course, zero the AI)F.
off tile zero utor quickly and tiore often when 2. 1old that headiuguintil driftedoff by wind.
you it IT Close;, to, or passing, the stattion. In track- 3. T'urn into tile needle to correct. The
iug, the .lightest error in drift correction is in- itaiothntt of correction is determinied by :
dic.ated considerably sooner than whlen you are a. Distance froin station. When far out,
fi lthern out. Aural mon itoring of tihe signal is use a larger correctioli 450 is ahinost always
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plenty. Near the station, keep the correction azimuth needle to be deflected further from the
small (not over 50). 1800 point.

b Speed with which the aircraft drifted When you are tracking outbound, the amount
off on the previous heading. of deviation from the desired track is indicated in
4. Hold the corrected heading until the needle degrees to the left or right of the 1800 point. 'T'o

has progressed to a point on opposite side of 0° get back on track, make an intercepting turn to-
equal to amount of turn made to correct. (If you ward the desired track. Tile azimuth needle will
resumed the desired course heading, ADF would then indicate the original angle of deviation, plus
show zero, but drift would again occur to take you the angle of interception. The azimuth needle
off course.) will move toward the tail position as you approach

5. Assume a new heading which is toward the track. When the deflection of the azimuth
the wind enough to offset for the drift encountered. needle equals the angle of interception, the air-

6. Hold that heading until drift again oc- craft is on track. Now make a turn toward the
curs on one side or other, and repeat the process. magnetic heading of the desired track, corrected
each time making a smaller adjustment to original for the estimated wind drift. Again you will find
drift correction. a lead is sometimes necessary.

7. Before reaching the station, you can find When you are on track and holding the proper
a heading at which the aircraft stays on course and drift correction, the azimuth needle will be de-
the ADF needle stays constant at the drift correc- flected from the 180' point a number of degrees
tion angle.

Tracking Outbound

Tracking away from a station is basically the . .

same as tracking toward a station. Make correc-
tions for drift in the same way when tracking out- 91 1. 1000 ItABI,, 10 oDEt.RES.

bound as when tracking inbound. By visualizing 1 70 150 30

the 0o to 180 line on the azimuth scale as the
longitudinal axis of the aircraft, you can apply R: O

the same rules for tracking toward and away from
the station. If the azimuth needle moves to the
right, make the corrective turn to the right; if the . MNI tHI

azimuth needle moves to the left, make the cor-
rective turn to the left. When you are flying I\s NOTIC\.

away from the station, determine this movement
in relation to the 1800 point on the azimuth scale. [
(See Figure 18-9.)

NOTE: When you use the radio corn-
pass needle in conjunction with the
radio magnetic indicator of the VOR, 0
the 00 to 180' positions, as described
in the procedures just discussed, will 1A0 13D

be the top and bottom of the instru- U.
3.t TURN 20 MCAIM FINTO NEOLANmeit, respectively. H. U NTIL 0 Ot H NtOLT T.O

A difference between tracking inbound and 11 o o.,hA..t aII MtAL ;'MTPO IN T [IE $S IO V L O 8 E A L I(A f. 0 V I IN4

outbound is the reaction of the needle. Inbound , hI ( N ON.
to the station, a turn toward the desired track
causes the needle to move toward 0' on the azimuth
scale. When you are flying away from the station, .. .
a turn in thie direction of displacement causes the Figure 18-9. Tracking outbound
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equal to the drift correction and to the same side There are two methods generally used to in-
as the correction. A movement of the azimuth tercept a desired bearing:
needle further away from the 1800 point indicates 1. Double the Angle on the Bow, which may
too little drift correction. Make any necessary be used when the angle of interception is found to
corrections as previously describe(]. be between 10 and 450. This method of intercep-

Precision instrument flight is necessary in tion is preferred because it gives the distance from
tracking. Turns to headings must be accurate, the station at time of interception, and therefore
and desired headings must be maintained. Any an ETA.
deviation in heading causes an equal deviation in 2. 300 intercept method, which may be used to
the reading of the azimuth needle. Therefore. intercept a bearing when the angle of interception
when you notice a change on the azimuth needle, is not over 900. Neither of these methods will
immediately check the heading indicator to de- serve to intercept a bearing which is nmore than a

-termine that it is not the result of a change in 900 angle of interception.
heading. Double the Angle on the Bow

Interception of Pre-Deterrnined Magnetic Bearings With this method, you first determine the

To accelerate the movement of air traffic, angle of interception toward the station as just
ARTC often issues a clearance to track into or described, by reading how much and in what
away from a radio fix on a definite magnetic bear- direction off zero the ADF needle indicates when
ing. 1%'1.ally the aircraft is not on the desired you fly the desired heading. As an example, see
track, so it becomes necessary to intercept the Figure 18-10, where this angle is 380 right. As
specified magnetic bearing (the desired track) and soon as this is done turn the aircraft so the ADF
then continue to trsek on course. The procedure needle will indicate an equal and opposite deflec-
for intercepting a desired magnetic bearing is the tion from zero (in this case 380 left, or 3221 rela-
same as simple tracking, except that the angle tive bearing). Note the new heading (in this case,
of interception required (to get on track) is usu- 045o M), and fly that heading. Continue to fly
ally greater. that heading until th, needle moves aft to a point

To intercept a magnetic bearing, you must de- equal to double the angle of interception (in this
termine the position of the aircraft in relation to case 760 to the left) and turning that amount will
the station and to the magnetic bearing. To ac- place you on the desired course. The time between
complish this, turn the aircraft to the mnagnetic the turns, in a no-wind situation, will equal the
heading of the desired bearing, and note the indi- time from the last turn to the station. Even with
cations of the radio conpl)ass needle. Now deter- a wind, the error will usually be negligible be-
mine whether the station and the desired magnetic cause drift on the two headings will usually be
bearing are to the left or right of the aircroft. almost the rime since they do not differ by more
If the needle is to the left of the 90) position of than 45°.
the azimuth scale, the station and desired bearing Factors introduced by drift, error in heading
are to the left of the aircraft; if the needle is to determination, or inaccuracy of the ADF may
the right, the station and desired bearing are to cause inaccurate time/distance determination by
the right. Note the number of degrees the needle this method in cases in which the angle of inter-
is deflected from the 00 position. Now, if you ception was less than 10°, but will not affect the
:urn the airc-raft this number of degrees towarm- validity of the interception procedure. Remem-
the desired magnetic bearing, the aircraft will fol- ber, too, that a strong crosswind blowing from the
low a course toward the station, in a no-wind direction to which you turn may cause you to miss
condition. tHowever, to intercept the magnetic the station if the angle of interception is less than
btaring before reaching the station, you must turn about. 100. To avoid this latter difficulty, apply
a greater number of degrees than the original wind to all headings if you know the wind. Then,
angle of deviation indicated by the deflection of after turning to intercept, watch the ADF needle.
the. needle, If it does not move toward the wing-tip, increase
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STATION means a turn of 6S1 right. (See Figure 18-11.)

If tile turn is to the left, the azimuth needle
Nvill then read :300; if the turn is to the right, it
will read a30°. Fly the aircraft on this new head-
ing until the aziinutih needle is deflected the same

(2) / nuniber of degrees from the 0o position as tile
C/ angle of turn t.o intercept. This is the number

7• /% of degrees the aircraft is off the heading of the de-
/ sired track. When you obtain this reading (68'L or 292° relative in our example), the aircraft

has intercepted the desired bearing. Now turn to
D the desired bearing, and begin normal tracking.

f ",If ARTC insists you intercep)t a specific
" / "course or bearing inbound whose angle of inter-

:Nm *M eeption exceedds 900. visualize the relative positions• //M. a'. \'•,of the bearing of the station front the aircraft and

lei that of tie desired cour/e to decide whether to

A 38% track around the station clockwise or counter-
A,'. EQAL ANGL OFa INTERCEPTION clockwise. If clockw Ise, turn to put the station

li.t 090' relative oi the ADF and fly in such a

///

\~ ~ IS/ E QUAL AND OPPOSIT TO

r'• •,, - EQUALS DOUlGUI ANQUI 5 ON ADF STATION /

U N 3 9 ML a ( ) E U L N 2 M I UI D C O U R S EI 3 2 9 M ,

Figure 18-10. Intercepting desired course by
doubling angle on the bow /

the turn considerably (say, 3 0 u) to insure inter-
ception. You will be on desired course when the
magnetic bearing of station from the aircraft I $
(M. H. plus relative bearing on AT)F) equals the
desired course. If there is any' reason to expect

strong, unknown winds, do not use this method if-- i 1
the d angle of interception if; less than 15'.

t r EQUALS APLU OU30 ' Intercept Method A 1I| INTIRC|PTION 380III

T.his method egins in the same way as the A5\ EQULS0 3 E
Into just discussed, that is, Iby deterinination of \:tlt'he angle of interception. Turn the aircraft to C• t E QUALS A PL US 6 EQALnS

the heading of the desir'ed beatring and read the 6*" LOt Me K" IL

ADF. The needle deflection is the angle of inter-
ception, and its direction right or left of zero is
the direction to turn to intercept. Turn in that

direction that many degrees plus 30 more. U1sing Figure 18-11. Thirty-degree Intercept methad for
the same bearings as in the previous example, this intercepting a desired inbound courie
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dhlel oila :i- to old It ;it J04', r rda ighit turn') tturn over 4>'ý. 'I'he desir ed (01114( we ill lhe iiitti -

mith1 tile illiljidin, of y-our airera ft plis 9(0 (or M5' iepfed at too S111rp1 Itit anlgle if youl (to.
if you ire %%It I Iiti 10 IiIniuntes of theit statt ion ) equ il AWheti interceptinig a hearing", youl 111oit stiliit

theidv. (eired hieitl-ig: at thisý tille. toiil right. III :k torn'l to tha~t IIi1iiaglicti be~dding befoteV Intercepit-

aI Jet. N*(io ivted Iuiore lead thanii ilult b old tile till-il iIng thle lieanIi.1g: otitlicwise, the ildills of this~ tilntI
11 lit I thle livcadui' ot voilli :Iiiiiiat pins~ 840- (or. %%il iai h Iii~ tp i eie IiateiI V~to 7W) if you kre wvithini (; llinttites off(lie stil- heariiii. '1'lic numb11er. of dlegrees of lead iieceesniarv

% tl(io) v(11111ill( the leirehl liel-litlg. thleiltur r111 ight. (lepetllds (04 tll(- trile litii1)eCe of thle aii-ciift, thle
I f volt aire t rack ingi clockwNvise, ulse 274 o' relativye onl exi~st ing, Nvi 11. the (list 0 ice fromt the stilttion, and

il l. AD1)1 ( i istead of 09W)0 IIInd turn-l left ito get lIhe rate of til11111 used. 11 se the greiltest anlotilnt of

'il thle desire-td hetn.l~l~g i';l whenl vol uillt~lerPt tile beairitig ait :Il atigle of
t~.EIdc-('fio)i" Ou1t/oilld Is verl s illipjik. If ' ol 90I4 . or anl , N lgle of interception)1, andial *iiNV Ills-

t'111 to d eiP e~ (1OlliibOiild(h clititllse jiltl tloh'40 frontt thle Sttivont Callj a prxilut the
nefewill hie ill tile right or. left quar11ter. If left, tittillller of degrrees of lead ti iuse, by ititer-pi-etitig

lienl ul left tl-I Niii~il Ititeicept tile uiiithluiti cotlilse. tiel idie at wili'1 (Ill aziiiiuilli needlie is, :iprlialic-

T~-fill.ýlim-pi tile thur, tlie sIolluv iel oOwill Initercep~t iig, tile (lesired ildctt~letoii. PrIact ice will eCilllI

it. ),(04 li tlya lie Osý close o1lose to the coultse .\oilto dOtet#-iniijii thle ain~otitt of lend to use.
thanl to the station. TIln-refoie, if yoll are quilite

(1(154 to tile st~ttilji. imuike' a gentle tutn ill tile T IME-AND-DI STANCE
looperl diirectionl. If tile IliQQdll i., lielti1v at 1I44O

ti~i i.& vi~ le el tledeitllc(iie f tCALCULATION

lull 449(4 lor27( i clattye. the stat oio is ilbeeani anid Whleni lusinlg tile radio Comipass for ilst ruililt'4

Voll aiei :lilost as fini fromi the desired cotirse its llvigitiofli, ill both tile ll1tltuilaitic amid tileCiiitti
C ~~front the stattioni. Ilte nulinuitttn praitt ~ial turna pihiolt~js5 *ýoji call cuilctililte tile tie lill-o (ieC (s-

it) initercept 'is 30(0 pl)s the ittittliIr)I oif dlegicee the~ t~tl(e( fiotti tile stitit oll.

404.11le wits frontl LsW rehtit i e whlen tlie (Iiretic l CacltonTm routto
to ittllu-e lit \Vas iletemiiiiited.\ After i (11111 i1g, coil- CluainT rn tto
tititte oi1 tlimt hieaduing (see IFigure 1,-12) until tile Aft'ir tuniing to the stittiult, note thle ji05ItIttli
itied he i. ogailln otl 18W) ihilitive bY tilie Smlte 1111111- oif the rad io colt 1ul5 needle. The ivositiozi of the
her. of ile-recsý its you (1turn to inittercept. Nveve IieehlC intd i'iltte the imignituidtte mid dit(irectioln of

OF TURN i45*4, ASSUME DESIRED COURSE (0301 M)

12) TURN RIGHT 45- 1O MN 75*

hk nube ofdgre5p otodtrin h ur nl
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tilt, 1111,l1 ll r etl'tek to phhl e tliv lie eedle (il 9011 , or

"-,I0'. After von ilnl tlete tite tIIrn - i lielnthe headlng
Ilndiciator. notte the poisition of thilte radi jotelldipas TIME TO 5"TrlONw2A M4+ MINUTS
l1I,,'le :111d1 ii,, vdl iv ulet'vsýl:lv ctl,,'iect lol,. Notv 10-to
tht'v t I lit', atllotl fi+ it 'oll,•tmltt lilligi~l t I( c 1 e 14 I I II tl Ill~

there -it + clI;nI;t. of bwiviu itg, o 5 to IWtas Ilth d-
c t. tt tdt b Yx ti •, r iwd io c om p a s s . ( .S e v F 4ig u.r el ' g l .)- _ •

_\ftl No l d ei t h:in e, il leai'ig,"

ctleckhthe time n tgain mid upply the followi.gd

.\in. to tti times +Mm. hetweent lBeminsRD
i:t 0 l) CýTke of lv - 1' a lIP. STAT1IO N

I f it took :1 11lliiiitii to tfl" i bt.earing
vhi:ilgi Iof Ii lie ircraft is:....

.NIulti i 1l6i In h liv II iilutes tlowii bet weenu be:ol1srh-
lIX l l•1lvew'ts the n.iiillltev thoiwn to sevolvis tlVwll. HOLD .O4MPASS

If tilt. tll.e fl tlv iest tln;Ij WEADING UNTIL AT
"Il, 111iit H CIIVFlol s RIV~il*\. I'le11111- LEAST A 3* CHANGE•

lif i l il tiioefloi'betweel• heane'tirs i''. helttli- OF HEADING I1
1I,01l Of •-WtU111(k.. 111I)1l dli dhle 1 1 hV t ,f't- V Of OBU 'VIED.
chliitll-e f~ivvs, thet tilut, flrolll tilt- .. tlttion lllk 1 n11ties,

l(41r tx.itli. if it taikes 4i0 secolnids to fly it URN UN.IL RA
iCOMPASS BEARING 13

40 "0" Oft 27100I -- a.'"
Y ' -• 40 4 in iiiite,'s fl'oill tlle ttil 144

"Tli. s flillilItill: l k heit fill ein si iinllilied biY the
foil hlowil~ii rlS ih.of thiiniii:

5il ('h~ilge: 12 'I.iie N1-MinIuIIt, ft!'iii Stt I41n

11111 (']LaInge:II (, Thnti-=Minlles fl.,III Stitiolt

]+liv 1t lt IIi:Ull, ,VIlellve•l rlal'Itiell. SiiC't Figure 18-13. ADF time and distanct, calculation

this Siilllilihfie the required c'l l 'illliti lol. If the
nkUl if) r'oliilj:t5s nllwI' le ll>o'+• so 1:1i hlilv tlat YViOi

(clil-lI t (lluilt a M ; lit i•4f;i orv t(it\ , ,I4 k (urilit :1

1 Li" taliing 4lh:ilgi~., lt, aII.l.i'ft i. vtr. rlo-e to 2311 K, set the pee'(tII iidilx i opimsite 2:01i. Ib'il the
ihe .itll! u o l I. z i t (. - ,. 1"i;\-~t ( 1 ,1111 iiultil Illiile.-) fill the iiIllh,.,Clliev t oppio-

-li 4 oil tllie nilinuite -'ale.
Calculating Distance From Station in liles T li ' t'l1!1 tl'V (If Ilii. h ioi1t(l11)1 (if ('Ol itllilt.

('o qllltp l h, I flW dl ,i.Iillot fro lie st;tli io oil ill(th thime :11dtl~t~llsii cv- ,I,, eidt, m 11- .i oix'i' t I ngil 'w ind,

Colliipillel' its< fodlo\\.•: t eilt~lv l 'ei, lv of b al'ill t'1i:11gvllot h \\ii, :ilidtl he iw'-

1. Ilvtvt~ inlillit, tile If'lit, uirll- tc'd of" thet :t6ltcr'ait. i'!1t1ilt V f l It lll T het giv~te.itr the dhglee oif hviil-

S"2 . P )l a c i l t-e l l , p v. iu v l M i l el x ( h l i vi i ; i r 'l o , \ -s l i m t p e t] JI r t~h : l ~ , i l t , titl' t ,l t h i ' l l . I f % '4o l l dI o l l ' t

i.' I~l'l " p1 < ll v t• ilt -Ih i, vt IIh'+-peed.l iilm inlitili :i t'011ý1llllt Iillw l' . h i 'lil t,+>llh to

,• i;. ]•l~~'v:til 11u, dli~tam l tll ll fr m ýt',ltillli (oil11 liih,, '_,rci Ilo auitT ll';ltv Iillit+ c'litcl,. "l'llto oII llibil. oft ':i
~~~~~. 0-'i lt ) ,,I l,, v] t Ifrloli, ' llll tilt :'lilt)O il (till tilt, ;ihh,., ýllvl\.( ql~tt 'l l- t'. o rei tsil~li to b :Is lit :ill q roxi-

ii'

]."wll ev',illiplel , If lilt ilirl''l;tfl 1., -1 Illlillltivýý I)lolli T here ;Irve !. VV, :tI ol' i vi < l~ltl"n ethiod for dleterlnil-
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it is a station to be passed abeam, you may use the MI"ADING.

conventional bow and beam bearing method you D /STATION

learned for visible bearings in navigation. (See
Figure 18-14.) You may also use the double the /
an gle on the bow method. similar to the same,,__. /
systemi discussed for intercepting a bearing. (See -• /
Figure 18-15.) More often, however, you'll be in. /
a situation where you wish time/distance from a iO, /
station which is your destination. If no specific /
course or bearing is required for approach, it is
suggested you select one suitable for the double /
the angle on the bow interception, or one 10' off /
your inbound track for the 300 turn method (ex- /
plained in the next paragraph), and request clear- /
anie to approach on that bearing. The 30' turn ,/

nethod of time 'distance check is good because it / A DSC GUALS 2(LAc)

requires ry little alteration of heading. It is / A TO I I US I MIN. O 2a ML

accurate if you have determined drift before be- / I DC 60 A7 IN

glinting the Iprocedure hut may or may not be ac-/ PnA WAS I MIN. O0 28 MO.

ctirate in an unknown wind situation, depending /
u1pon what the real wind is.

A 1046V TRACK
Figure 18-15. Double-the-angle-on-bow

time/distance check

+ 1• The 300 Turn Method (Fig. 18-16) is be-

gun when tracking toward the station. To start
the cheek, turn 300 right or left and note the time

(to 1 sec.). Hold this new heading. If the. ADF
m -had read zero before the turn, it should now read

IARING 1•14 / 330' or 0301 relative. If you were holding a drift
/ correction, it should now read 3300 or 030' relative

S/I)lis or minus that correction. Hold this heading
/ on the remote compass or RMI indicator until the

/ needle of the ADF has moved 100 toward the

/
4 MIN. A / wing-tip position from where it was after the turn

ON 13 MI. //(iatheinatically, to be exact, 91/ý°). Note the

/ A 1kALi 10 STATION exact time, turn toward the station and track to
/ 13 Mi. AT 0912. the station. The time from this second turn to

the station will be three times the time between

/ turns. The distance io station also is three times

/ the (list ance between turns. (Comlpute it at ground
speed, if you know it, or at the TAS if you don't
known the ground speed.)

Figure 18-14. Bow-to-beam bearing There are two minor precautions to observe
time/distance check in connection with the 30' turn method. First,

18-15
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deteriiiiiie drift before .tartilg. If Vou fly thie 11iil'l sigiuils of (Ihli ranullv atd fan marker. TIle
pattern no winid, mill there is a winId blowing you Irldhlo con|ipas, howevezr, tttkes thi- miuch ewiel.

Soff corse, tile results 0.briiited will not be accurate. and promotes accurate patt elrls. Itefer to Figlure
In fat, if thie ileeIlle d0es 110t lO'NgreTSs tow-ard the I-17-17. Ii hi.S tigItre, tile pilot is to hold tillt fal

witli-tip at till. you are drifting over to tile other marker and hoiner (oi he t v.st leg of tie range.
side of the sttion entiirely. Second, if Vyln are lie coild(i just its easily hold on i certain iiibounild
lising, M) 1)' rtit'al n1,ll) knowing the drift, and bearing as on the leg. He enters the holino g pat-
lie afl rilt i'frstses towtard the liose iloztead of to- tern on tile reciprocal (point A) of tile inboulnd

ward the beam, you have passed the station ind heari•g, for example, and flies outbound for less
tire being fooled by the 1 8 0 C inibiguity. than+ 2 tniinutes before flying it reverstal (proce-

drure) tir- (point B). Asl he crosses the station

HOLDING BY ADF coing fr-tin A, iis A.l)F shows that fact anid he
begins tinlting for tile reversal. As lie colitililles

Holding procedures are generally oriented to to liv outbound, lie (ian cheek drift by the At)F
a ralige leg and a radio faciility, such as a ran'~ge as li-e holds tile outhbound heaiding,. After tile ttinr,
station, fai itn'ker, or lionier. It is possible to lie cail fly at heading which ;Illows ft1 r sil.ht drift
fly the holding pattern solely by listening to tle ( now in opposite direct 1). Poit C on the

Inbound leg shows as stat ion O•islage oil the A DF,
STATIO, and lie call start the turn. As lie rolls out of the

turn, the AI)F should read 09 0 ' relative. As he
flie, outbolind ago1in1 (D)), his heathlinlg ctI allow
for the drift deterlmined by trackil-g oil the range
leg. As lie continues holding, lie us-es the ADF to

I No Wit check hiat lie is on the proper ithoiwiid boaring, to
check his drift correction, and to know when lie is

TnAMMI/D4ANO 8 RQUALS over the radio facilit to begin tle turn iibouid.
3 x fl•/r~ANU A Also, at the end of the holding, lie uses the ADF

life to determine tinie of departure over the f cility.

S/ LETDOWN AND APPROACH ON
-- /ADF

Il ConventionaI aircraft iniy tise tile ADF in
/ ititmakintg their I FR let down antalt api racli. and a

(4) A/lP RUM o . jet may itie ADF ill it., lpensetr'attion il imcu, the

I /s tW. The procediure tised is tile sate is that
(3) . MADS 320 (20 _) I. dliseiusi(.l before for tracking. In short, this is all

,I.: ti applicat ion (if the tracking principles to tii every-
.U day problem.

A
Conventional Letdow.-| and Approach With ADF

_--____-__(2) ADU RLA W i___ 'he liiiwelilres ul.gd in radio conmpass uil-
l)roaches are very similar to radio itilge Ip)-

(1) - UADS 0 EL roadhith . however, you have to p)lan yaor(t owlI iP-

-'tpt}lah. Whein you litive to mtiake it rtdI0 io t1111)R.0
ialplproach i lstead of i radio ra•g•e nl a)ltluclt, get

the lw'eC-s..tirl tifinttition i froli the J,..1i'U,,tI
Figure 18-16. Thirty-degree turn method of A-|)/)'ou(/t JP'oc'edrtf (thart.s booklet and deter-

time distance check inine headii1gs from station to field, initiitl ap- t

18-16
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Figure 18-17. Use of
___ _ •the ADF to hold at

KAhOE / 2 MN a homer (RInM

lot;=' RA

123 HO

FM -,9 MI.

proach altitude, prcwedure turn altitude, final ap- After passing the low station (at. E), you con-
proachah it lude, minili ahit tide, and niissed ap- I inue to track on the station-to-field bearing (295',
proatch procedure. In selecti u the altitudes, give using the heading that you have determined will
careful coiisiderltion to th lie hazardlous features correct for wind on the inbound leg of the ap-
that iliay exist in the area. Plan the approach proach. You descend to the field minimums and.
carefully, us early as possible, and draw or visit- after the station to field time, you should be con-

Tlize ei aroca itof t tact or you miust make an emergency pull-up.
Thle reciprocal of the station-to-field bearl'ing

normlally leuconies the outbound learing for the Jet Penetration and Final Approach with ADF

Sappiroa'h, us in Figur'e 1.M-1. which shows ai CA A In Chapter 17, several tyipes of jet penetration
standard type DF approach. (Hemember, how- were discussed as part of the radio range proce-
ev\er, that CAA will not approve a 1)F approach dures. AI)F penetrations have the advantage of
on a comnercial broadcast station.) being possible on any of 360 radials from various

If ili the approach shown in Figure 1,ý-l," you types of transmitters. In jet aircraft, this advan-
track inbound (point A) on whatever bea-rinig you tage is important in that. lower traffic often makes
happen to be onl or on a bearing assigned by air it necessary to tiake a penetration off airways and
traffic control. Over the initial station (B), you range legs. You must plan such penetrations in
turn to unter-cept the outbound hearing of 11 .5 Ilitd advance, considering traffic, necessary terrain
track out oui this bearing for 3 minutes. Mean- clearance, and hearings on which the initial ap-
"while. you make a voice report, if required, throt- proach is to be made. If possible, the penetration
tie hiack to slow cruise, initiate a descent, aid cotm- should be on a bearing which will eliminate the
plete tihe landing cockpit check. The minimum need for at large turn when you areoover the station.
safe al it ilde for tlil procedure turn should be that
established for a 2;5-mile radius.

When three minutes out. at C, you execute a -t --.

procedure turn back to the inbounid bearing. T'lhis
tu-i must be accomtplished within tle distalice STATION

front the radio station specified on the approach [ u
plate. You track inbounid (D)) toNvard the station A------ --- - .onl tile stalt i -t o- field beaLrling. '[lie no- Nv imd t miteI

1l-"inrbound is about four miritutes and on MI)F, vonl
(ican safely track for two miinitites before turnilng

lie loop to tihe wing-tip position. On this leg, you
let down to the final approach altitude, nornial l

4L ,. 1,0Ot feet above the te,-oraim. Figure 18-18. DF letdown

N 18-17
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The penetration ends and the initial appr(oaeh tion is started from a position over the range sta-
l)egiins when you 'eport over the station at the tion or radio aid at the destination. To eliminate
initial approach altitude. For stations which have large turns at the range station when starting the
,i Imhlishel range approachyour A)F initial ap- final approach, this let-down is normally made
proa•ch must conlfornm to t~he published altitudes outbound onl a range leg or bepringz which passes
an(I hearing--. If therp i.,; no publi.lhedI initial ap- over the landing field. W h'lere lower traffic exists,
proach procedure, you must determine the ]leading, the letdown on the outbound track is accomplished
from the station to tihe fiehld, initial approach alti- by losing one-half the altitude before starting the
rude, procedure turn altitude, final ap~proach, and penetration turn, and the initial approach altitude

the missed approach procedure. On an ADF must be reached not closer than ten miles from the
Mi' :al :p)proach. the terrain clearance imust be radio station.
equal to or greater than that. on a range approach, The second type of penetration requires a

Don't try tile penetration until you can be as- homing facility on the final approach bearing so
stiled of an immediate apl)roach on returning to located that the final approach altitude provides
the radio fix at mini illiull pelletration or initial ap- necessary terrain clearance from the homing facil-
proach altitude. Before departing the cruising ity to the low cone. The penetration, as shown in
altitude, make sure, too, that you can complete an Figure 18-20, is made from a position over the
approach successfully. homing facility on an established bearing. De-

Several types of radio-comnppss penetrations scend one-half of the altitude outbound before
are lect)mnlnendL d (le)len(di1lg on radio aids and ter- starting the penetration turn. Continue the de-
rill. In tile first typle (Fig. 18-19), the penetra. scent inbound to the honming beacon until you reach

Figure 18-19. Open quadrant range penetration and low approach
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RANGE t ,AIION '•cf

6AS! I I l
ALII.l ut ( CU

Figure 18-20. Pen-
etration and low
approach utiliz-
ing (U) facility U . ...
with lower hold-
ing aircraft 'I'

the minimum penetration or assigned altitude. PLOTTING BEARINGS AND FIXES
.A. After croSsing the homing beaicon start a leseelit 'f'he pilot of single-plave aircraft rarely navi-

ttle for foat i lits. ou t f lip t.- gates his aircraft by use of at chart, or even i
bearing. Tils type pellet Ilt iol is especially - plotting board. Still, even if you don't ls a chart

to navigate, you should know how to convert ations of thew., basic l)elnetrations as traffic, terrain, radio bearing to a geographic bearing to visualize

andi radio ni(ls dictate. your geographic position. The multi-engine pilot,
The third type of penetration utilizes an en- of course, usually keeps a chart on all over-water

route dlescent to bring thle aircraft over the ra lio flights. Radio bearings when plotted as true
fix lit tihe de-t tintit ion at t lie III .iniIItimIill 1 .ii.It irtiOii bearings are lines of powition (LOP), just like sun
or intitial ap)proaclh altititdle in a positijn to iiake lines or star lines or visual beurings. Of all the
a strrilight-in or standard instrument approa•h. A kind(ls of Jl)1', the radio bearing is probably the
st i]ight-in I)('n(t rtition w it h u t fi 'r-t i g the least accti rite, but is still useful. O ften an east-

ill(hiu facility is p)eClriissible, l)rovided that a satis-
factory ra(,lo fix is availalble. within 40 miles oi
whiv'h to start dh-.ent. The desvce•t is utsmll y

1 1ill ( h , o il ' ji r w a v i, . hli ( p t lld r e i s (o t l e (O l li- A T ,12 0 A CI. M M t

ii uuoh.d uIidless the ceiling and viil) ilityt are h igh VAS MAUA.'I

enoagli to ]u riii it the aircraft to continue to the ,IN I, ,o.,

dlestination VI"R after reaching the lowcr altitude, rI.-i .- *"

'ho14 fillal apptoach if striight-in is starteld 0,00 1A
afti' tie l'iadl) "stt ( li l lh s beetn reliche(l at the -2: DRAW U, AC901o1 , IAIo I,

SIA 2 hani
I11imilIill peldu Ili~tloll Itltitli~de. If at straight -in S C~g PO IAIO
al)1wl'iat} i.z, lie, fcll'ible, pelletrI'l tloll is nllde to)

till it itiiI ilt ) l ,o:lckh iIti tIle fro m ml lich l LoNG 36. W L.om 1, 1

.-t~ilwdar ii't ,tio appIroml is vxecuted Figure 18-21. Plotting radio bearing
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Wves tflight will lie alpproat'lting it destination NN ithl tCtIlkily (10 this by stting the protra I'ctot for the
only morningnlz o l fteiltnooln s) li ines for positive hearing and simIply plotting in reverse Sio the
1position vhvck,. .e Still c. Iill II<rth and bea'in" runs front tIlle statlion towar tie -ittiaft

souith and pl',lvidu. "rtolnd speedl. A' radio bearinlg positionl. It Is nlot nle'essarv'\ to c'Ollllmite recilro-
ft'ounl de..tI inatu loll"o nlvl'" Irby l111 rovidle thet( trac¢k ,'als forl p)lottinlg llII'lposes. (if courlse, if youl want

'line f,,. a tw,!-li,.' fix. to know your ipositiolt relative, to a station, suich as

toi tell a tower "lPosition 36 miles southwest of
Converting Relative Bearings to your station," the reciprocal is 1800 more or less

h ethan the geographic bearing from the aircraft toAs \'on kiio%% it relht Ive hb:ering is tile directtiol tile M:tation. ILook at tile exa fl~le in 1'igture 18-21
Gfeoigl trahi.c B ite or adingg of the aircraft to the to set how to phit abearing. This exanmple is for

.tli,,n. "lHii- is .--hewn 1)y tilt angle of the ralod, .1 tru'le bearing, bit tl m~ei ern ssmlrst iti the hemgei baigissmlr
vollilas needle. Otn the sthedard AI)" indicator,

t eil llim er'ical va h ll und rthi fe 11m.4114, tip, Is tile Plotting Bearings

relativ'e earing. It c, iica: lcd c',ckwis-e fromt lit plottig ig radio ibearing. nmark tile line with
ilt- i11p or Zero pioilit of the dial. 're get i bearing the littie alt which it was observed. .liist like star
to plot on the chart, add this to thie heading. lines ol' other lilies of positiou, radio bearings Imay
tlehittive hearinig )hts tinilgitetic hieaditing eqilý lie advanced (t)' retarded lit gtltonid speed along

tinluietic hearing: relative beatiting phi.s tilue track to the time of ainother bearing or LOP. A
hi:tdiig eqlluals titue hiea'iig.) If the clittiit i.- all beatring onil .iit ttion ihead or isteti' is it 'e(bk otl

ttiti i V(Char't with all vth%,iies Ilagtlet•ic, •se i119- oit tir track; onie otl i stiation iiore- or1 le.%s abeam
-eticiteadin tad get ia iignetic bearing. (()It t a -heck oln Vour speed. It introduces less error

I ( th11 { I v ith III e rill `li.1ki vnitIle• i i i'it( d I i h(1 (I .tIi, ill pkitt tillg ti.m s frilo l lines, of position to let. tile

k1111, nevedle! is magnietic bearing'i• withlit fi"llyaddi- speed flhle (ti'ght ingles to tra(k) serve aLs titee of
tioli Ito do.) Overl thl, oceili+ liiplY var'iationiii Ito it fix, till(] iadvance aind iretarid those 1,01'S v'I,h-
tiell' llilglitqic livilding to get tr'uet |livlding. addl tit(' iare I~ll'e or1 less para'i#llel to tracitk. TIllei'efoi'e, if
tr'ue hleadinig to the( rehlative, bear'ing aind .1 oill g.et yail take sever'al raldio bJeaingiis, oi- it mixture of
thf, tr'ue bearin'ig. raldioi bearingls tll(i] oither lilies of p)ositioni (such

)Doit. forget this is it beritng ftolm the Ilit- isi Stllut lilies), select- the best Speed line (liellrest
etaft to t he staition. phen ' yil plot sllch a hearing to right atgles to track) ws tile timte of fix altd
(i ii chart't, aN'l lli!-t dtistW it froti the statioton to iadviattice oit retli all others ) tthat tinte. l'igu'e
the Litir V'lft-thiht V.), lrecilprocal. Yoll 1, -22 sliows t fix consisting of at stil litne it two

ti'ie helkiligs, u uotted lilies csow tised iheeinio
l,(0"s; sttltd iltes Show tiettili its atdvac ed ot isi-
ctitodhd ito fix tiliit.i ~F'r1411e(4013 thtl(tV is it Silig!e r'adio Stationl

•of-°'•'t \whic'h will b':, paissed abeamlll. TFo find po#`sition as

•.•. . y()l~%'ol palss. youl maytlist- onWi°le orl mioret (of the timle/dis-

• ' l#`li'' tlit 'kS lll''\rlll•'l tl.'C lS. 'd. T hese, ]to%%-

"5ý4 OT11 ti,)• , '+ \e' ll asi ullle NV l roilca gzet good hlearingls' Ilit e.e'-
"'';' "" laillIn m s 1 111 mv•, IIk11 thatl r)''l lii le'eptlion is difli-

i'lr ililt hlmlb ll-i'ng.s Illil be obltliined only oill i•('l-c

Sititi. Alist, eaclh of tltlelt l It'S o1iffi two beatings
for" lite chuck. b'ot ilcmuitte woik+, Ithtee olt folti'
beariniigs aut.' leihlt.

•., ... o,;,,•,.,,•,>+u• ,<+, € ]igimlt, IS-2:) howsl~.' lit melhld for findinlg
• •u .... . •+...oA(>,L,+,•, DO •'0Imls i him~l fl"-o l st'\'tl'ni betill'ilig. oill II "liithoill ]pit.'sed

iill'ilil. F ilsl, tijll{# tlil'l-e o,H lilol-je heal-lIIrS;, ob.D
Figure 18-22. Radio and sun line fix (,I.%' Ing I l lt,'hadIiligi. :i1,41 1 ililic of v( 11'l andl v'i~lilpiltv•:
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i nltlIg Your estinuited truick. Using this ground

TO DESTINATION . speed set dividers to the litunllbor Of miles which 9

should I), covered from the ir 1st bearinihg to the
l I)enuI belvinig tin'ie, Iniod pick the track which

- would c'.aT.%," tile 1tirc',:aft so thnt inalisy mil..s laly

i3;1 • - between these betr'ings (A-A iu Figure 1 -23),A 13,11 FIX 134 Dr •I)o the saiie for •t(ch b,:iri-ig t.,, COniinireu, to the
1341 _4V- -•-O--beaim benring (B-B uind C--( in Fig('e 1S-23).

A ........ .. .. ..- .l ..g r ..3 )
--1 _XYour estimated position is on the betmi bearing

139 :it the •tve'iage of thes,- estimtated tr'ack. (imarked
-1341 Fix" ill the ligure).

• : MANUAL DIRECTION FINDING
S-(MDF)

~ •i :•: • All tile techniques just. (lisc.'sseLd niay be done
by 7fI)F, which u.ies the aiul mitll. Biascially iN
MI)F. yon l'otatte thie loop wilteniti to r'eveive a
1illilt ilMI1t 01" ( Zero sigilll (Onir'tl mill), and the re- _
suitanft beiiu'ing sho•wii i, ý t he ieedle is vit her the

- 1200 fix piroper bearing or its rec.ilproiid (1O° almbiguity)

• ilv.- b ,vu kioI youtr po..itioi; with enough cer-
- ........... lty (no guesses) to be sure whether the ben.-

Figure -. Rdio frmigle tng i si. jrlet or is it i'Cilrocl, yoiiillst check the
Figure 18-23. Radio fix from single station anibiguii!y possihility to dehte'iii le the definito

beaiming. Otherwise pro'edulres rite the sanme, on

true ,i isg.. ]Plot all these bcaring.ss and indi- the whole, except thilt you cli't constaintly renad

cite their time. IUsing the heaiihing nearest to your bei-in ug and fly the iaih'craft ius you can with
iilin, c.omlpilute gi•rOllli speedl front the ]list, fix A )F.

NULL MOVESIO N NULL MOVES TO Li
INDICATING STATION IS -.. -- 0pCAIINO STATSON

To ItPcilT IS TO LIFT

CONSTANT C•YlO HIAOING

TUNE IN STAIION

Figure 18-24. Aural-null orientation AN LOCAT NULL -
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When to Use MDF 3. Tn lile to (lie dlesi ,ed fi'equleniivv a iid IIdj ust
Aural-niiil Prlocedursli t i no11'ht often uised, but I lie( vol itile.

it t 110olo1g 0 k now ledlge of thI ese pi-o(ct'dlire.. is e 4. IUotatt' tileloioi'iiiIII~ p

1111 -.iillb'(4eI ilil tNlt 1 oitreai of tildr

ti011li. t'FL't S islt 'titi let ) ~ v rile l' vt I lt s tisfco' o ll ce- o. It' -tt ili for Soid lh itotile lid oIIitiiii e S liii

Condition , t ori ziaifuict ioi nede a flucithate 'FiletwidiiI wth fl of tilel111 0Xis cntrlled by til ;Vs
el esii' 1 eli ord give errs oti i ndtie atio ns 111 whe tile. of - l litne' (li n i ncrease ft i ll t volsutimte nar llw ie
( MI ne lo) t'lit I t* IN he n C iONIP siti,it loll. ill ANT VI))i 111111, tllil : t dec il t.o g i otll~ t vo ille Nv ide ileIlilv l.

followl reeuorl-inii cur iwfies. il o it h,; olgt t11 widt lIofil~l approxllimtel "C. X

'lle an iii mil Ii s tilie po int where t here is aill th Ii' tat ion. li se'vere static Vonl 1111v increase the
ithseice f aldibl Soilid. t reep- idthi of tilt miihllm r than the recommended 53

tlionl) reslilts iiil the phlane of till 1loop aintenuna to eliminiiate till- static. lii conditions of severe

is beren dicu to V i t 1]1o c t riit i1tll til tton. iit'I'ic. le splitY be c11 'it lc e to o br il t11 tu e filtat-o .

g~toipoe due 1fo)r hout'l mi ng.i r tated 1 , us terof pt li -n Xii il is sn %ole tw i 1av 8to useiiu til ositio n io ininc
s it Ig ord eil tlile it o b o. M in th pi - lehearing'." fromd the'lele iticrif to111 trtepit.ionee
hav dwed sw it aura iietii-1ia wiieth kou lesF.i iii otawevo elr~tle180ulbili

lit' lililt oli it of l the55  it' 11)1)1ith eelto te 11 ,-i11l y sw , t vh 2.Ataetle10)ln iy utio ii1

t(-iet ll,, tilet wl1' s outn d it d th en chchiki 1 tlot- adt- Al. . ArIj l -lilt I ie sut volu e to o tinte r d esi ICpli

tight el~lt'sshllit'ildi toei- t i tc. inica iitor ill i slo i isi pointi ngeteioo.rol iesain
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taneouslv to save time. Once you have solved the you must. turn the volume down to keep the null at
:ambiguity, nainta ill the orieitatii0 by Illonitor- a consti'nt width. At high altitudes (20,000 and
iug the auralI Signal frequently. above), tile null does not narrow rapidly nor
Trucking widen immediately when tile station is passed ti1(]

you should monitor the uill continuously when
Inl tracking to the station, begin by changing niear the station. When you use a commercial sta-

the heading of the aircraft to put tile null on 0'. tion or ati Adcock range station, the voice or range
As the smttion is :pproachied, the width of the null signals will become audible above the carrier wave
increases, a1nd( you have to decrease tile volume so as you approach the station. This is true regard-

s tý ilt)iiit taiii it n11ll1 wtith of Aside from this less of altitude.
you track to the stat ion) as described before. A good method to use in checking for station

Aural-mull tracking procedures are similar to passage when atmosliheric conditions or other ill-
those usedl for Al)F traicking. When the mill has terferences make station recognition difficult is to
miove(l '2' to .), imake :I corlection toward tile ,It- thitll 30 to the right of the track heading. If the

.;ired track. If the null mloves to the left, the nir- mitll moves closer to the 00 indication, the station
craft is drifting to the right of cours-. Make a hias been passed, if the null moves further away
turn to the left to get back on track; when the from the , o indication, the station is ahead.

mull mlove., the same number of degrees from the
nose or tail Iposition Us the anigle of interception, Station Passage
tIlhe aircraft is onl track. 'li'ete are four definite methods of recogiiiz-

D)uring the trackiiig, follow the null at all ing station passage-three oui the nose position
tilies excel)t when you imake a change in heading. (used for initial station passage) and the fourth
All examile of this is when the aitrcraft, drifts off on tile wing-tip position. 1ou call recognize Sta-
(1Otll'se 111d you make a 20'° corrivttoii to re-inter- tion )lmSage by any one of the following methods:
cept the track. In this cavse the plrcedures are as 1. Constant narrowing and then a definite
follows: widening of the mill indicates station passage. At

1. ''urn 2W0 to intercept the trae'ck; then relo- high altitudes, however, the mill does not. narrow
cate the miull inuned iately. rapidly as the station is approached nor widen

2. Continue to follow tile mill until it is 200 immediately when the station is passed. Between
friom tile 0, or IS I) position. 20,000 and 40,(000 feet it may take ais long as 3

3. Turn back to the original track heading niolutes after passing thle station to notice a defi-
plius or ini1s ii correction for drift if necessary. nite wv'idening of tile mill. At altitudes below

A210,0(10 feet, when youi pass directly over thme stit-
Approaching Station it on, the m1ll nmy disappear und reappear quickly.

On aural iull, the best indication of alp- III thil, rase look for an immediate widening of the
proachlii thc station i• the frequei icy with which mill. Iil static or during a chaige in gyro head-

ing, the disalppearance of the mill is not neces-
sarily tin indication of station passage muless the
mull indicates the iirciarft is going away from the
statioln.

2. A delinite movement of the mdil Iaway front
the liise positiou indicator stimtioii passlige when
the aircraft passes to either side of the station with
)I cilistillit muma11g tlic heading. It is possible to fol-
low the imov'ement of the mill completely around to
the tail position.

3. All apllirent shiftiiig of the iull froml one
side of the iio".' th tii otheli when time Imiricraft
l clV ( . to, h•l•, l iot itll i-tlv ovem, tile sta-
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t(tln indilicates• s.tition pIalissage. III this case. tile eiiiergeicy procedures to be used when no other
li11l1 ,t.ays slightly to oitie Side of tile Iose position itiethod is available and ln approach must be inadet
ani then di,(lppelU' . If the mill I eaplears quick- iuccali•e of low fuel, :and( so oil. 'ITle choice of
IY oil tile flit jisitie side Illitholigh the aiiircraft Iiiisi't pr'cedurll'es, its ill AI.)F letdownls, is left to the
c'hanged the ý;tatiol has beeln passed. pilot's discietioln.

4. S"iet |le azimuth needle to the wing-tip
positiion 'hlien yon are a pproximiutelv 2 minutes Frozen Loop
froll the station, then adjutist the volnlue to the There nmy be times when you ci tmit rotate
nornial level, and you call notice it definite null as the 0)op becaulse of l1oo) umotor failure or extrenel v
\u liia"thie -tiatiuui. As \' ll applro.lach the Station, l,,\ teill1ewrtt iires. lelv iW this sitiitth, Ion vIi
a vonl4talit increase in volnlile ilndicates proXimiity daliletermiine tile direction olf the station by fol-
t he istation,. allid if li ltila I signal or voice is low\iniig definite it ocedures. T'ule ill tile stittion
leivtig transmitted, either may become audible uttd idettify it o(n the pNT Josition. If you can't
allhove tilte :rrii wave, get. a signal oil Avr. put the function switch on

l)uiiiii, aillal-tlltll\'e work, it is imipierat'ive that i.001'. (The Ilop niby le ill the Inull lpositiion reht-
yo iiiailltain accurate headin.-gs. A drift in head- tive to the station when the receiver is tuned in.
ig result! it in a like movement of the miull. *Whien If you receive nio sigInal on LOOP, turn the airiciraft
youlre ncIot mnov'ingm tie radio conilpass needle to mitil you hear a signal.) After Nol have identi-
check thet w idth of the null. keep it centered in the lied the station, t'urn the aircraft mintil you get a
Ilinll so that any ('WV tone von heall is an indicaltion miull. Note the heiling, antd imlaintiillt it illitil
of drifting oil course oi- itliitrlTo"'uig of the nuil the signal again becomles audible. Thieii mnke it
whein the station is being al)proachied. turn to velocaite the null. When you start the

turn, an increase in1 volume imidicateii that the tturi
Intercepting Bearings S.houhl be made ill lie other direction. If von

'T'he procedur'e.es us.ed for interceptting a track locate tlile 1ul1l hy turn'ing to tile right, the station
or n ilignetic bearinig on aural mill are identical to is to the right.

those ised oil Al)F. ,VWhen you lire interceptting 'hlie station is to the left it number of degrees
lilt oiitbouni id track iminiediately after station eqLual to the difference between 0' on the azimuth
lii sstige, don't iaply the correction uitil the iull ldiiI and the numbier of degrees in(dicated by the
iluts stopped nmov'inmg rapidly. lie c.areful ini inter- end of the rtadio compass needle that is pointing to
eptiung atit outbhound bea rin ig close to the station to the left. If the station is to the right, the aircraft.

pireve'iit ove•shooti ng. is turn ijied to thle right tile inuimber of degrees in-
dicaited )3" the end of the radio compass needle

Penetration and Final Approach tliiit. is plointing to the right. Nhieii you have

lPellet rat ion auil fimil--approlch lpriiedhiires ioiijpleted the turn, tile aireraft is headed toward

ulsilng iiUiiil-iiull aItr exactly the Sallie its A l)F' the staitioli.

poeu rest&' '. .\iiiiil l1 lettliiis iiHIT (llllsiolerdl Use of Loop Position Wheor Flying Range Signals

Whli it asituation exists iIi which ollly tiht

loop itlltPilllt is aINlilah1le for rililio re'ep( tm)ull, yoll

1Iiist deltel'Iiille tile hilI lot o'e s lte• e I leess:iv tl i remlchi

Y.Il* di e.utiisatiom .lifely. If there i•s a Iiiolji, rlilige

facility, It the de.stllltit io .n . toi l ( .1 1i v regiular
atirll'a -lIIIII Iprotetdili', of, ttotr llitl I'Lltlie I'lillgi.' pro' -

.ll'illiir%, iti tilt, lmoopi s• Iii fuxihil,' ltl i lli.
S. ........ ;-'-' •i' lii llll ',,l um sidhvi" f ivt y I 1w of tnill~i , .slatimil

( il'ockw or lotij1) il t lile desti ntioini liviil .elei'-
gilig i Ile oaIed llile.

- -- / I f the uitl:iih h fac~ilit . is lint .\ l l or ii iilll-
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tlieoui. loo)p stnti,, eitho i atier uil-il r nI0 ' l -131:1 I,('F!w switch at (*w. Rotate the loop by tile

-I'aMi III ,1' ro,'Iedures 1111y be ist'ed with alccuracY.. b-It switch to locate it iuiiiiunit eakldiig oil the
I I' it i.s il loopI-w, r elz .'-t ti ni, l-1-1111 pr.Awedil-'s. aludio ttuni.1" nleedle. "I'l'hi llllk 4 ,,- ..y,,, it 15, to

III,, 1it ;is :('culilte. |ecitI'Ie tihe lo0p) ranlge doles .•, 0 null ( narrowini,! nellre.l tile t•titioll). 'I'hloiigh

Ilot traillsilit a cultill0111 critleI wave. 'hi. iwctirate radIi, navigiltiol Is not poi.beiidh, Yy 511(11

Iue1ms 01h: a trIle !1ull i dillit'ull to ielgiliize lbv- llealls, it may get you homie alive.
clli.e fif tilhe blral il Ilie traIn.1li.i-on, of the sig-

lails. WI1enIisitu , ah loop range, Volu will get the Radio Compass Procedures on VHF/UHF

bIet r-esults by 1,iig colIventiltonuil Irainge p'oce- Any radio equipmen t which gives i Itring to
dilirs a ftr delvirtit ii hg Ill, alpi,')xiint p(w j tio, :( .i station cai ibe u.ied for iil the loci•thiI'S just
of the a:irciaft. described. ()i VIIF bands, tile 'I'aalw and V()It

When uising tile loop 11inteillia for Iurl' rlecep- vquipments indicate a reIntive or Inigiet ic Ihearing

tolhn, Ulis liol-1'la iad io lailge I roceduries. I'o 110 ( dependi g" on the type of ilidicaton) whi ,lc is..Velw
this .,it cesfII..lly.. v), ll st nrtate till., h1 , Ilitenlia I ill"i :'•('il'irte It(d Steady" thlLa that (If tile ARN-(;
SO its to providle the b,'t range receptilln at all and AN-7. h'lie limitatio.•s of lill oIf 'ighit aId

t ilies also. .ilice y',i get tile 111111 lwhel tile plane of the equipment irc the otil 'v new plrloblem.s intro-
of tilehlooi faces tihe st:Iltion, you I iust maitain ducedl. The 111lF,'/ll" ( ARA-25 ) ind1 icates ,ag-
orieeit loat . onwe it is estilblis.)hed. oP you ill1Y ill- Iletic bearingS oil the RM I indicat(or wileil installed
terpret s11eh1 a ni ull erroneoiisly as station pissag•'. ill tile aircra ft. It is limited by lille of sight rno ge.

c Uiilsa Il, ) V tilltenlillit lobe pathrels.

Emergency Use of Visual Null Since te l)l'ceill'es frll u.se of 'l'aclll, VO(R,
Sometimes when. the Al)1' won't work inl ex- o' UHI'I)F/ gear in homing, tracking, interc'e.pt-

trell'n stiltil" fin1d ejecttrhivll distli.•lu ilin e ,'l'il:, the ing ('li'.1SC tinillCi/distlanc tde ltriiitiltiiii, ia)l-

LOO positioin will lil.o have o liciih static that voll p'oach lllll lenetrittion p'o'edure, find geo-

woni't, be able to healr the 1i1llcal will. Ill tilts c ise, g'iit)hic beailrings (lines of position) air'e the sliine,

ts a ii esalll ' lei',y liniasillie Ionly. slip tile pihonies the only plroblem is tile tis•t of tile equileilnt. For

cheiir of y'our cairS 1iil1n rlltate tile volune to inlaxi- that subject refer to ('hiipter 7, and. ill the ca.se

lilliln with the untenlnil set. ait bo1', and the of VOR, Chapter 10, imnnediittely following.
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OMNIRANGE (VOR)

Tj HE VO011 or omn-inange, is a VHF facility 1000 feet is about 40J t~o 45 miles. This distance in-
-- which offers y-ou niany advantages. It elinii- creases wvith altitude.

mitaes atmiosphieric static andl multiple courses, and There is voice transmission onl the onmi fre-
enables you to avail yourself of any of 360 courses quencv, and all inuformat ion now broadcast over
to or from, at range station. Because VOR is now LF/MNLF ranges is also available over the oinii-
at w ulely used radio navigational aid(, it is im- ra ngeý. The sa'ine veat her broadcasts are also
lportanlt that vont understand all aspects of its oper- available over most oninirlnges. A standard 3-
ait Miln and lise, letter coded identification is broadlcast every .1-

'I'll@ oluinriauge is designed to operatte within se-onld-, and at voice idlentificationi every 15 secondls.
the 112 -1 IS mic hand and has at power out put of ap- Alth ough onimiiramige is ca lied a ranlge system,
p~roxi mutely 200 watts. Th'le eqnIIuipent is VHF- amid aIthbough certainl airiways aire set up to use tin

hi us, it is subject to hinte-of-sight restrict ion, and oMuni range stat ion, it's; used in the aircraft much ats
its range varies p~roportiona~lly to the altitude of is the radio (oinp)Iis. L~ike the radio compass, its
the receivinig Pquip)uent. There is Some '"Spill azimuth indicator points in the dlirect ion of the

A~~pt)VPI,'" hio-ever, 11u14l rCeept ion at an altitulde of rlteivo y beaiinii' of at staltion:. usua1lly it. indlicates

-----
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on the RMI, which mechanically adds magnetic courses are known as radials. Directional infor-
heading to relative bearing so that the needle. mation is thus generated at the station and trans-
points to a number which is magnetic bearing. mitted to the aircraft. Airborne omniirange equip-
Like the radio compass it indicaites an infinite ieat, intercepts these signals and converts them
number of possible directions. Like the radio into a visual directional indication for use by the
compass, it allows you to select any course you pilot.
desire, rather than limiting you to specific range The simplest way to visualize the omni prin-
legs. Unlike the radio compass, however, the ciple is to imagine a device using two lights, both
ground station transmissions to an omni receiver at the saime geographical position. One flashing
differ, depending on the relative position of the figh, is visible through 3600, but the second light
receiver to the station. It. can only be used with is a narrow beam and is rotated at a specific rate.
a certain type of transmitting station and receiv- If the "all around" light is flashed on each time
er. Direction is not deterinined by a loop, but by the narrow beam passes through north, a means

.1detecting phase differences which were established is established for an observer to determine his
4 by the transmitter. bearing from the light. Assume, for example, that

I the narrow beam rotates at. a rate of one revolu-
PR I CI PES OFOPER TIONtion per minute. If the Glbserver sees the all around
PRIN IPLE OF PERA IONlight. and then observes the rotating light 15 sec-

Trhe oninirange pio~1iwes a theoretically infi- onds later, he must be on a bsaring of 90' from
nitc wimniber of courses, which rauiiatc- from the the lights. If lie sees the flash of the all around
station like spokes from the hub of a wheel. These light afind observes the rotating beam 30 seconds

Figure 19-1. ANIARM-14 Instruments and controls

ItNNER OUTER FIRFOLJFNCY__-
J fLIC'ION ikNOi

CONTROL BOX

DOUBLE BARRED
- ,- - AO~ PINEmSELECTED COURSE .
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later, he must be on a bearing of 1800 from the
lights,

The omnirange ues the sanie iriiciple but .
with some iefineinents. Instead of rotating a beam A
Sof light mechanically, it rotates a signal electri-
cally at 1,800 revolutions per minute while the "all ] -i
around" signal is phased with the rotating signal _--

through 3600. At magnetic north, the second "V
signal is in phase with the base signal; in all other -
directions the two signals are out of phase. In .
the example using lights, the observer timed the r
interval between sighting the two lights and de-
termined his bearing from the station. The omni Figure 19-2. AN/ARN-14 control panel, alternate
receiver measures the difference in phase between version
the signals electronically and uses the informa-
tion to indicate bearing. ANiIARN-14

With the AN/ARN-14 VOR receiving set, a
TRANSMITTING EQUIPMENT control box and two instruments (the course indi-

The oinirange, installation is much smaller cator, ID-249, and the radic magnetic indicator)
are available to you for flying VOR (Fig. 19-1).than the conventional range installation. The an- The control box contains a TONE-PitASE switch, two

tenna is mounted on a tower located directly over frequency selector knobs, a frequency window, and
the transmitter building, and there is a munitor a volume control. The frequency knob allows you
located very close to the antenna. This auto- to select any one of 280 channels. The outer fre-
matic monitor system is activated when the signal quency knob selects the frequency from 108 to 136
is interrup)ted or when the phasing is changed. megacycles, and the inner knob selects the fre-
This monitor automatically turns off the trans- quency in tenths of megacycles. The TO,%E-PHASE
mitter, turns on the standby transmitter, and switch serves as an ON-OFF switch and allows re-
sounds an alarm in the control room. ception of phase-type ILS facilities or tone-type

For aircraft flying below 20,000 feet, there ILS and VAR facilities, as well as VOR. The
is little if any interference between stations spaced newest control panel has an o.,-oFF switch, and

s (close 1s 40 miles apart that use the same fre- the frequency selected controls the type facility

quency. For aircraft fliing 30,0oo feet and above. (Fig. 19-2).
there will be areits of confusion between such sta- The course-indicator consists of a bearing se-

lector knob, a bearing window, a TO-rno.i window,tions. 'lhese areas of confusion are equidistant a bearing deviation needle (also called verticalbetween the stations and are indicated by an aural needle, localizer needle, or vertical cross-pointer
whistle and an oscillation of the visual indicators, needle, a glide path needle (horizontal needle),

and a compass-actuated heading pointer. The
RECEIVING EQUIPMENT heading you select with the bearing selector knob

is displayed in the bearing window. The 'o-FROM
()mIiraIge transmisions can be received and indicator indicates whether the bearing selected

ltiiized in the aircraft by either of two receivers- will take the aircraft TO or F'aRo.M the station. (Re-
the AN' lARN-3o an(d the AN/ARN-14. Both inemher, the TO-FROM ind(licator doe, Hot indicate
"these sets were discussed in detail in Chapter 7. whethlier you are going to or from the station. It
The AN/ARN-3O is the less coniplete of the two registers whether the bearing you have selected in
sets, but it is used in training aircraft and some your course window is the hearing of the aircraft

xnl_ ol(der aircraft. to the station, or the stiition to the aircraft. In
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other words, you can have a To indication and yet receiver. It combines on one dial the presenta-
be going away from the station and vice versa.) tions of three instruments: A remote-indicating

The deviation indicator, or localizer needle, compass controlled heading indicator (usually the
shows the position of the aircraft in relation to MA-i compass described in Chapter 4), a direc-
the desired bearing. The glide path needle is used tion-finder on the double-barred needle, and
when flying an Instrument Landing System. The another direction-finder on the single needle.
heading pointer and scale show the heading of (You must find out which needle has the VOR-in
the aircraft relative to the selected bearing. When some larger aircraft, both needles may be separate
the heading pointer is centered, the heading of the VOR's.)
aircraft is the same as the bearing shown in the You read the heading under the index point
bearing window. If the pointer is deflected to the :at the top of the dial. The azimuth dial rotates as
left or right, the aircraft heading is also to the heading is changed, but the index point is fixed.
left or right the number of degrees indicated on Certain other relative bearing points, such as 450
the pointer scale. or 90' right and left of headirg, are also shown

by such fixed index points. The two needles point
AN 'ARN.-30 in the direction which is the relative bearing of

The AN,'ARN-30 airborne receiver performs the station to which you are tuned, but the na-
the same omni-range functions as the ANi/ARN- merical value under the needle tips depends on
14 receiver and has the same frequency range the heading. Hence both needles indicate mag-
(108-136 mc). but its controls and instruments are netic bearing from aircraft to station at the head
different, of the needle. The tail of each needle is the

The frequency selector of the ARN-30 is of reciprocal-that is, the magnetic bearing from
the "coffee-grinder" type; the course selector and station to aircraft (Fig. 19-3).
deviation indicator are epairate insLtruzneiits in the The primary useb of the RMI are:
ARN-30 instead of being combined on one dial as 1. To indicate the heading for all flight pur-
in the course indicator of the ARN-14; and the poses.
ARN-30 has no heading pointer or bearing win- 2. To provide magnetic bearings for visual-
dow. In omni-range operation, however, both are izing position or geographic plotting. To plot
used in the same way. VOR bearings very fast, read the magnetic bear-

ing from the station (radial) under the tail of
Radio Magnetic Indicator the proper RMI needle and draw a line from the

The radio magnetic indicator (RMI) can be VOR station through ther radial on the chart
used with either the AN/ARN-30 or AN/ARN-14 compass rose.

Figure 19-3. Using RMI to ob-
tain station bearings ' MAGNETC NORTH

STATION

BEARING FROM T)41
SBEARING TO THE

TSTTITIO IS 302
BEAEAING FROM THE1

zTTO STAIO IS100

SSAIING TO THE
I/ STATION IS 3000SEAARING FROM THE

BEARIING FROM THE

STATION IS 120° -
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3. To determine the direction and amount to S. AFTP A Cf4h,•ON Of 30' IS MADE TOWARD 1N

turn to intercept a desired course. P n* A I ON RACTAMI

- If the ARNT-14 course indicator (or the Of •TH ,aOUSL IR PW IS ON •TR DSIE

is inoperative, you can use the VOR needle of '(4
the RMI for tracking, intercepting, and so on. as
described in Chapter 18 for the L.F/ADF. (See
Fig. 19-4.) In fact, you may sometimes hear
the VOR needle on the RMI called VOR/ADF.

You can use the RMI to home directly to the
4. AFTE PASSM4 T)46 STATION A P19.1 DESIRING0 TO

station, or to fly a particular coure by observing P:f OT:lSTTN O . UN oTA

the magnetic bearing to the station. By turning A. D S 1s f mO, oF 14 OW,

the aircraft to this magnetic heading and making STATION

necessary crabbing correction, you can fly a definite 3. W

track to the station. Crab corrections will be POINT HAS MOVE TO

taken care of automatically if you utilize the devi- ,H DESRE S1EAIN.. no

ation indicator along with the RMI. RACK HAS SEEN I .RCEPT

1-However, you can do a much more precise job ED AND 1TH ARCIA"

of flying a selector course by using the deviation U TO THE

indicator, since a small error in the position of 9. HEADIING THIS

J the aircraft with respect to the selected track shows :UR MUST U STATD ff.

up as a large movement of the deviation indicator _ , CNTHE DiSii-

4 needle. When using the RMI to fly a track, a SEDARIN UNLESS THE

displacement of the aircraft from track by a few RATE OF INTUCUEION IS

degrees shows up as a very small movement of the Vey $tow

RMI needle over its synchronized magnetic scale.

FLIGHT PROCEDURE

After tuning in the desired VOR station, read

the magnetic bearing to the station under the head
of the VOR pointer on the RMI. The magnetic .
bearing from the station is shown under the tail of
this pointer. If you desire to proceed (directly to
the station, make a turn toward the VOR pointer. 81 IS M, H. PIN1 IS ON

As the aircraft turns, both the compass card and THE W S OF n NOE rM T,4,

the pointer will rotate toward the heading arrow H ARROW A THE DSRE SEARING

at the top of the instrument. If the RMI is in-
operative, you can obtain the closest bearing To

or Froxi the station by rotating the bearing selector
knob until the deviation needle (localizer needle)
centers. When the needle centers, if the indica-
tion in the TO-FROM window is not the one desire(], I ,,OT oIsI.T Po T re AO oN

3W'. TURNS TO THAT HEADING II NOT, FECtiONrotate the bearing selector 180'. IS.;:.• AA4O. OFN ,o&E N , O, T.H, 001)&, ,&01o0
A fter turing the aircraft toward the station,,O f PEIN E C iOND O f 16 IDF.1, SAtISAD

rotate the bearing selector knob until the desired £ AMo ,oc

bearing appears in the beating window (if you

have the ARN-14) or under the course selector Figure 19-4. Using RMI for ADF interception

pointer (if you have the ARN-3). The l)ro- and tracking procedures

19-5
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cedure for trucking is then identical with that
you use for inbound tracking on the ILS. If you
have an ARN-14, the heading pointer shows the
relation of the aircraft's heading to the desired
bearing.

03 E~flTracking Inbound[-DE]-- 1--][] Thle course shown inl the selected coutrse win-

dow (on the ARN-14) or under the course selector
pointer (on the ARN-30) is the course selected
for tracking inbound when the TO-FROM indi-
cator shows To. The deviation (localizer) needlc
will show whether you are on this coursv. If you
-are off course to the left, the vertical deviation
,needle will be to the right oA center, indicating a
right turn is needed to resume course. Turn to-

M E ward the vertical needle to regain course at any
time. Full deflection of the vertical needle occurswhen you are 10' or more off coi-ýe. (See Fig.

On the ARN-14, the heading pointer shows
whether you are on the same heading as the de-
sired course. If that needle is to the left also,
your heading is as nany degrees left of the desired

/ inbound bearing as it shows. You can be on

liot be on the right heading. You can be on the
_i Ao correct hea~ding with the heading pointer centered,

but not be on )urse. If both are centered, you

are on bot]. heading and course. If no cross-wind
exists, you will reniain that way right in to the

I,ater on we shall consider the problem ofI interception of a desired bearing over 10' from
the lireent bearing. A•t this time, assume that
0-your aircraft ;s approximately on the desired

: -course. If the vertical needle is not centered, turn
I - it so that the bullseye of the heading pointer lies

0under the veitical needle. Fly this heading. As
you approach the desired course, the vertical

neede mves owad center and you must alter
heading to keep the heading pointer bullseye and
vertical needle together. This lIieans you fly a
c(irveiltock iut o the (esired course.

As Soon 0s both indicators re ((' cntered, fly
- tlIr headintg Of the des.iled cOI11.se (t hai is, keVp

the hetalinlZ point,,r centered) an(] %11atch for the
Figure 19-5. Relation of course width to deviatioa, vA-11l .61 wedle to drift off center as wind blows

needle Indications yon tr ofcorse (Fig. 19-6). If you drift to the left, -
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(1) TURN RIGHT TILL IS) AFT1 ON COUMR. 14) WHEN BACK ON IS) THIS PILOT OVEI.
HOG. PT!M AND VIa. HOLD NDo. OF COURM. AMY DRIFT CO RECTED FOE

S. N|EDLE ARE TO- COURSE TILL 0RIFT CORRECTION to DRIFT AS HE MAS
-4THME. FLY THUS RUTS PLANS OFF MOO. PI. If VM. NOW DRIPTED TO
TilL O94 CO4*L COURIS. (1) THEN N9ODU STAYS CR5N- 01111 SIDSE

CORRECT BACK TO TREED, DRIFT COl. (i) ON RE1SUMING

COUIRM. SECTION Is O.K. COURS1 HE MANES A
SMAUR DRIPT COd-

I00

Figure 19-6. Tracking with the ARN-14

the vertical needle drifts to the right of center passes over the station the ro-rato indicator
indicating the need for a heading correction to changes to FROM, the RMI needle moves to the tail
the right. If that should occur, turn right to position, and the deviation needle fluctuates from
put the bullseye under the vertwal needle again side to side momentarily. These indications may
and fly until they center again, but this time, after change several times before stabilizing. When
regaining course, make an allowance for drift in the TO-FROM indicator changes, the sensing of the
ADF tracking. The speed with which the vertical receiver is automatically changed, so you should
needle drifted off center and the nearness to -ta- still make corrections toward the deviation needle
tion will suggest how much drift correction to to regain the desired bearing.
apply. To correct for drift, adjust heading so If you desire to track away from the station
the heading indicator is the desired number of on the same bearing, no change in instrument
degrees off center in the same direction to which setting or procedure is necessary. When you de-
the vertical needle previously had drifted. In the sire a different bearing away from the station,
example here, left drift of the aircraft caused make a turn to that bearing immediately, and set
the vertical needle to go to the right; therefore, the bearing in the bearing indicator.
select a suitable drift correction and set the head-
ing so the pointer is that many degrees to the interpretation of the TO-FROM Indicator
right of center. The indication in the TO-r•Om window refers

If the drift correction is made correctly and only to the course in the course selector window
heading is held, the vertical needle will remain (on the ARN-14) or under the pointer of the
centered, indicating that the aircraft is on course. course selector (on the ARN-40). It tells you
If it drifts off agair, correct back to course, and whether that course would take you toward or
modify the drift correction by placing the heading away from the station. It does not tell you
pointer a small amount toward the direction of the whether you are flying toward or away from the
vertical needle drift moveruent. station unless you are flying that course.

Over the station, there is a cone of confusion For example, suppose you approach a station
similar to the cone of silence over the radio range on inbound course 170 and the window reads To.
station. This cone of confusion at high altitudes You prass the station on a constant heading, and
may be wide enough to require 2 minutes for an the window umow reads FROM. If you execute a
aircraft to pas, through it. When the aircraft procedure turn!ack toward thp station and fly

19-7
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along a magnetic heading of 3500, the window will
still read raom. The reason is that the course
selected is 170 and if you flew 1700 you would be 3 X TM CIO0* TIMI, PROM 0 TO PATION

going from the station. Earlier, as you ap. & ,N0o0 8 0 ( , , , o w , X N U N. KO W, , - ,, T V " T O ,,.)
proached, 170' was then the selected bearing and it
was 'O the station. "

Obviously, it is confusing to fly toward a sta-
tion with the indicator reading rnoM. The sens-
"ing of the deviation indicator (localizer needle) "
would be reversed from normal and the heading
pointer of the course indicator would be at the
-bottom instead of the top. You would have to
make corrections for getting off course by turning\•
away from the vertical needle (because its sensing \ / '

is i-eversed and it still shows deviation from the
course of 1700, the reciprocal of the new heading).

To avoid this, whenever you make a major
course change, particularly a reversal, rotate the
course selector to the new course. Therefore, be- IkAO 'NWE

fore you reverse course in a tprocedure turn, rotate AS v9 nc",,eS

the course selector 1800. To find the number of -C ETR POINT Of DIAL

the reciprocal course to be set up, read the head I
of the VOR needle on the RMI when you are on Figure 19-7. Time/distance check by vertical
course before beginning the reversal turn. (This needle passage
assumes you are outbound and going to reverse to
go inbound. If inbound, the tail of the VOR
needle is the reciprocal course.)

until the station is 100° right. Thus he will have
SAMPLE ORIENTATION AND it 200 change of bearing and can figure his time

LETDOWN PROBLEM from the station by the formula:

'1'he following orientation and letdown pro- 60 XTime=Time to Station
cedure does not represent any standard doctrine Degrees flown
but is merely a representative example of the use In this case, he flies 20', and his time to the station
of VOI1 in routine approach procedures. No is three times the time it takes to fly the 200. In-
clearance or control problems are considered. Fig- stead of reading the 80' and 1000 bearings from
19-7 shows the positions of an aircraft perfo.ni- the RMI azimuth needle, he notes time between
ing an orientation, time/distance check, homing to crossings of radials as thown by vertical needle
the station, and letdown, centering. This provides greater accuracy. IHis

1. At losition A, he determines the bearing magnetic heading at 11 is 2700 because lie is turn-
to be 3100 :..agnetic to the station. The aircrait ing to fly a heading of 2400. The bearing he has
heading is approximately 350'. selected on the course selector is 320° magnetic,

2. At position B, tIe airc11aft is turning to and the deviat ion indicator shows that the selected
commence a time/distance check. The pilot lpins comurse is to tlie left.
to turn to a headlndg 70W off th, originma inbound 3. At position C, the aircraft is on a bearing
bearing and fly a headingof 24W (3110-70=240). of 320° nid starts the timne/distance check. The
After leveling off and adjusting the course selec- pilot now selects the bearing of 341)0 on the course
tor, lie will reach a point where the stat ion is So1' selector to umiensunre the time to fly through 200 of
right of thlt hem:linmg, 1l1ldt he will 1imi. from tdi', beamrinig i'hange. The deviation needle swings to
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the left. when the course selector is changed to 340' correction toward the deviation needle. If the de-
magnetic. The aircraft heading is 2400, which is viation needle indicates a full scale deflection, use
a perpe.i.licular to 3300. the VOR pointer of the RMI to compute the re-

4. At. position D, the pilot stops timing and quired angle of interception. You can fly and
starts his turn inbound to the station. The devi- intercept this bearing by using the RMI with
ation needle is centered, indicating that the air- normal ADF procedures. To avoid confusion,
craft has flown through a 20' bearing change and you must follow the usual procedure of turning
the time/distance check is completed. He figures to the desired bearing, noting the direction of
outhisý nietothestation. deviation of the pointer, and correcting toward

5. At position E, the course selector remains the pointer. The aircraft will be on track when
at 340 ; however. the deviation needle indicates the p(,i:iter moves to the desired bearing. Accom-
that the course is to the right. This is normal. plish tracking away from the station, holding and
since the aircraft has flown through the 3400 bear- letdowns as previously described in Chapter 18.
ing and is making a standard-rate turn to roll out You can accomplish interception and tracking
on a bearing of 345' to the stetion. The pilot much easier with the cc'irse indicator. Therefore,
chooses3450 so he won't drive right up to the Omni you should normally use the RMI only to obtain
bearing and possibly overshoot it. the position of the aircraft, and to check the indi-

6. At position F, the aircraft is commencing cations of the deviation needle. and the To-FROM
an omni approach to the field. The letdown leg indicator.
bearing is 350' magnetic; therefore, the course You may make procedure turns in any ac-
selector was changed to 350' The aircraft has cepted manner, but the 40-second type will be the
passed the station, which ;; indicated by the am- easiest to accomplish. Make the 450 turn from the
biguity bar resting in the FROM position. The bearing with the heading pointer to eliminate
heading of the aircraft is 350'. (If the pilot were computation and the necessity for cross-checking
to' off bearing and had to make a drift correction,
he would turn 300; if that (lid not sh'ow progress,
lie would increase it to 450 and, if that didn't help
enough, he would increase it to 600. On the other
hand, if the drift were 30 to 41, a turn of 150 \ ,
would be enough.) !I s 0

7. At position G, the aircraft is in the proce-
dure turn. The T'o-FaoM indicator reads from
the station and the deviation needle shows that the
selected course, 3500 magnetic, is to the right. In s.
order to receive correct sensing from the deviation
needle, the pilot now rotates the course selector
180' to select the magnetic bearing 170* to the sta-
tion. The deviation needle indicates that the ._.- oqo"
course is to the left. The aircraft heading is 1250.

s. At position I, the aircraft is on the bearing /
(radial) 170' magnetic to the station and is head- . /
ing 170° inbound. V40 ", '

OTHER VOR PROCEDURES / , \

W h .In m ,u de.sir'e to fly to or fron, the station ileI

on some bearing other than the closest bearing,
s,.t the bearing indicator on the desired bearing. Figure 19-8. VON orientation and letdown

.ef After turning I :v jircraft to this heading. nmakp a problem
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the gyrosyn compass. •)uringthe procedure turn, to weak signal strength, it should improve as

-rotate the heading selector 180°. You can best flight is continued toward the station.
do this while comp!eting the time on the 45' leg
of the procedure turn. VOR SYSTEM ACCURACY

TW the standard elliptical holding pattern
when holding on a VOR. Hold on a bearing to The effectiveness of the omnirange (VOR)
the station, as instructed by ARTC or approach depends on the proper use and adjustment of both
control, using a fan marker, or some other radio the ground and airborne equip)ment. You may
aid to enable you to maintain the required posi- observe certain minor irregularities in using
tion. Changing the bearing indicator to the re- VOR facilities, such as Hpparent course roughness,
ciprocal bearing will not be necessary on the course deflections, and limited distance range.
outbound leg of the elliptical holding pattern When you fly over unfamiliar routes, be on the
(Fig. 19-9). alert for these apparent vagaries. Normally, how-

ever, the course selector and deviation indicator are
PRECAUTIONS accurate to plus or minus one-half degree.

The omnirange equipment is not operating VOR Irregularities
properly if you observe any one or several of thefollwin inicaion whe tued o aVORCourse Puahing. Course pushing may tv A•e-
fiation s wfined as an error in the deviation indicator which

"a f f it e o might be encountered at a moderate to considerable• , 1. The alarm flag of the deviation needle does

not disappear. distance from a VOR station, usually about 100

2. The TO-FOM window remains blank. miles or more. It is the result, of interference be-
3. The double-barred pointer of the RMI tween VOR courses. It. is not encountered in level

circles aimlessly. flight, but only wihen the aircraft is in- a banked
Marginal operation is indicated by fluctuation attitude. Changes in the attitude may produce the

of the deviation needle alarm flag. If this is due error in indication and result in your over-cor-

I ON OUTIoum 1.10 Don COCIION

"II °0 woIn, HUID Pam" 11 ON

TAIL POUflION a

Figure 19-9. Procedure turns and11M holin Ana O
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recting or under-correcting your flight path while V20-N

Sattempting to attain the desired track. VR-- VOR
As an exait)le of an abnornial situation where A 075 00-0-• 090 2 C',

, course pushing will make the deviation needle 103 -
a.• deflect either too inulUh or not enough, suppose, a

'- pilot flying a course of 2700 to the station reaches v s
-a point 100 miles out and sees that the deviation
indicator shows that he has drifted 5° off course to

* the right. This put9 him on track 2650, so he
figures that if he makes a left turn and flies until check your calculations before changing the atti-
lie returns to course 270' lie will be back on course. tude of the aircraft, watch for evidence of course
Imnimediately after putting the aircraft in a banked pushing while in the changed attitude, then fly to

-. attitude, he notices that the deviation needle has the desired course according to your calculations
nioved farther to the le.'t, so he maneuvers to or according to yomr 4oviation indicator, which-

imake a larger correction back to the course. On ever is the better in your ol)inion.
levePling off, instead of centering, the deviation Broad ('ourses. If the deviation indicator
Indicator tells him to fly right. This shows that does not deflect full scale unless the course selector
lie has gone too far to the left ; in other words, lie is changed by appreciably more than 10', the fault
has overcorrected on account of course pushing. is (lue to broad courses. In proper operation,

As another example, take the same pilot fly- there should be a full scale deflection of the devia-
ing course 2700 and finding himself on course tion indicator w~hen the course differs by 100 from
265' with a fly-left indication. He banks the air- the one selected on the course selector. For ex-
craft to the left, expecting to fly back to 2700, ahiple, if the course selector reads 300', the devia-
but the deviation needle centers immediately after lion indicator should show full scale deflection
the aircraft is banked. Expecting to be on course when the actual heading is down to 2900 or u1p to
270', lie levels off, only to find that the deviation 3100.
needle once again shows fly-left. Course pushing
has caused this irregularity. VOR AIRWAYS SYSTEM

As a third example, take the same pilot and
the same course, and )lUt the aircraft in the same The VOR airways system is composed of main
gituation where the deviation needle came back airways and alternate airuways ten statute miles
to the center too soon. Under conditions of in width (Fig. 19-10).
course pushing, the needle can not only swing
from the left to center too soon, but it can go Main Airways

right on through center, and over to the right, Main airways are the normal routes followed
showing reverse sensing. Still another error by air traffic and are normally routed in a straight
cause(l by course pushing may occur when you line between omnirange stations. They are desig-
shift frequently from one VOR to another; you iiated as Victor airways and are numbered like the
aright find yourself 5°-10"-' off. I-. S. highways. Airways whiich run generally

Course pushi ng can be quickly suimned uip as north and south had odd numbers; and those which
follows: run generally east and west have cern numbers.

1. The needle inight return to center much As in the highway num1bering systeimi, segiiients
more slowly than the anrgular correction being of an airway which are conmniom to more thaon one
Imnhe. airway, carry the numbers of all tile airways oil it.

2. 'lie needle might return to center mnuch Foi- example, V-53 and V-7 coinidei bet weei
More r'apidly than the angular correction being ('hicago Heights and ILaFayette. In such a case,
iniame--evein to the extent of reverse sensing. you indicate only one airway number on your

T'o avoi(l being tricked by course pushing, flight plan.
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• .• ,o" -- from the main airway has to be mtade at an angle
• ...... • .- of not 1es.s than (¢0° to t he nuaini a irtway. You have

to remain on the alternate airway unless you are
S• • \wu -,ouu •I ATM, wvta cleared to return to the nmin airway. (This may

SA ain LS \ • §AM ) • occur if you used the alternate airway to change
Salt itutde.) If you are cleared to return to the nuail

C•um~a *• u*•ara (after changing 'ltitutle),. depart from the
alternate ~ airway a nageo o esta 0

Fiue19-11. Changing altitude on €ourse lene iaya tageofotlsthn(0
Figurefront the alternate airway. (Conit ine to the next

station on the main airway.
Alternate Airways Holding Procedure

Alternate airwa~v. are occasionallv used for'NReuipdajcaf a e"(41QIai
lateral slparation when traffic conditions require d V()Re ix whuilhe ma ircraf cne the h O onirng ta-
it. The alternate airway's are located not far fr'om deionit faniarr, w hiohmey iclurde ithe Onranet ista-

th~e as,-(K~iatedl maim airway but are, at least 150 in a akrhmrcu•itrcino
oni either sidt'. (r O Ioth .sides, of thle nm in airway, an comibioat ion of t hese.

'rhe standard VOR{ hohling flight path is to
The alternate airway number includes the mia in
airway number, l)1lus an indication of the geo- follow thme en route cours;e inbound to the holding
gra phic position int which it lies with respec't to fix, make a 1 80° standlard rate turn to the right,
the miain airway. V-2u---• is the alternate airway fl a p~arallel straight couirse outlbound for two Jainl-
solth Ii f V i('hr 20. Xou r 'lea lanc'e will incuh, utes, miake anothte: standard rate turn to the right,

(and ret urn t(, the stat ion via thle inbound course.
()Inlrange stations which form iany particular' [See Figure 19-12.)

I lu~~lternate, airway so that you will have no doubt RClrac hsolg
when using an alternate airway.VO laaePhaoog

Changing Altitudes The following clearances show the phrase-

Main airways are normailly uisedi to chtange the ology u,'•d on VOR airways. All terms used have
altitude of aircraft en route; however, alternate

exp~lanatory:j
airways may he used for this pups.Altitude "a noi T lasNv '3 o

hngscnobealewithin 15 imiles of any ]MnAtnoACclasNv 24tOmnianges stantion. maeTinkel: Air Force Base viai direct Corpus Christi,
Otnrng tt odirect. Sani Antonio, dlirect to A.ustin, Victor 17 to

Changing Airways ()klhdoma C'ity', direct to Tinker AFB, maintain
You are not, l)eruiitted to change airways be- (3,000 feet in the control area." I

tween Omniutrange stat ions withlin 15 miiles of an "Oklahoma City ATC clears Navy 1234 to
Omnnirange station unless you started to change descend to 4,000 feet after passing a lhaint. 15 iiilp,,
over the V'OR station (Figure 19-11). Delpart tre to) N()rthecast of Austin."

PASNFigure 19-12. VOR holding procedure ,•
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"'Niavv 123-1 hohld on Bituhnk VOR radial 215 1", after the VOR in the Class/Power column of
--until advised by Booiitown Approach Control (in the tables.
234 kilocycles."

TACAN FLIGHT PROCEDURES
VOR INSTRUMENT LETDOWNS As mentioned before, the Navy is uising Tacan

INhlien flying a V(OR equipped aircraft. you instead of lIME. So far its vonl Rlre colicerlnted,
should carry the VOR Edition of Radio Facility there is no important difference between naviga-
Charts for airways work, and the appropriate tion by V(),l?;)ML and Tacan-you can doevery-
boo)klet of in-rm llnnnt alppl•oah procedure charts,. thing with Tuacan that voii conuld with V(R.'l)MI ;.
for instruiment letdowmnv. In general, alpproved plu. hav'ing the capaldil ityl at most Tacon-eqaippel
V()lt letihowns are similar to that given in the stations of using T'acan for an approach aid to

- Sallnple Orientation and Letdown Problenm albove. m1111i ninis of 300 feet//l mile. --

Aks des.cribed ill C'hapter 7, the ijlstruilnelita- a

DME (DISTANCE MEASURING t inl for Tatan is the saei. as uai.ed for VOR. '[lie

EQU I PM ENT) pilot who has learned to fly by on)iirange has
only two new things to le:trn to use. Tacan:

Certain naval aircraft, particlilarly instru- 1. Learn to operate the 'Tacait control paiiel.
mlelit trai ,,ems and transport aircraft, have I)M F A R N-2 1.
equipment. Newer airicraft, h(,wer, are lici 2. l,earn the limitations and irregularities of
equipel)ed for 'I'acan Instead of I)ME. As dis. Titcan.
ctissed ill Chapter 7, the ])MEF indicator may be The 1)rocedltres for i iist rtument interlireta-
either a pcl;i ter which mcd icates the raiuze on ;I tion, tracking, intercepting bearings, ankd so on1,
i radial dial, or the II)-310 (Fig. 19-13) which are all the sitme as with VOR. Time/distance
show,- tile slant ranmge ill na utitcal iiiiles by Ileatls checks, hom•ever, are unnecessary so long as the
of three nunierals. distance meaum'ing feature of the Tacan is

Slant range is the (lirect line-of-sight distance operative.
from aiticraft to station. It differs from ground1

(disttatlce, but to suchi a siinl1l extetit that it n11y lie
iznored intil the altitude il miles is about one-
half the indicated slant range (for example, at
12,00(0 feet, " ithIini 4 millez slant rimioe ) . As the
aircraft flies over the I)ME statt ion, the indicator
1m111Y "o into sea m'li (that Is i warminig flag wvill
drol) over the 11)-314) or the ieedle will swing
arollild ol the dial) if the i indictator does not go
into se:rllh, it will Ih%%w- mllittide ill miles. As yoo
tly close to the )ME sFatioll), it Is enough to re
nadim-m tht the it1)ic, tted tistiiiice is Ill exceS.i
of gi'ou lllI dist:alnce by not 1ore th hall tile altitlide.

)uiii'iig low nppioach anlld it a dtl.,all'ce, the fiactoi-
is nleg]igildle.

I)ME stiltiolis alre locnltcd it certain V0("
thlt tioll'-. over 2A) sIuc t iN-ti it '. it rc Figure 19-13. 10-310 slant.range indicator for

iadicilteI ill Vl:d(h Fa'|lily (hinirts by the letivr DME and 1ACAN
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GROUND CONTROLLED APPROACH (GCA)

T I*. purpose of (OCA. (Girou.nd Controlled Ap- ing or expe rielnee 'iI GCA pr'ocedures. It is ad-
lproach) is to gzide tile pilot down to the i-111- vislble, ho1w ever, to know how (CA does its job

waly ill 'eatlevr while leaving him free to Colwell- ind to fly practeice (GC•. dI)protchies before trying
trate oi the flight in~st a'neits. The accuiracy natd to use (CA to guide an appl)roaclh under actuld
safety of GCA has been amlply demonstrated by I Fli coidit ilols.
tie Illi|ldreds of thml1(qulisnds of ('CA hlidiiig,, wIh iclh )tiriIng IF' H welnther, (GC( A is al wa-ys 'endy
hlive bieenl indiuie \WitImut alcci(lent. to assist, but alt other times, the service Imiust be

Th1e 1, bsic princ'iple of (WCA is tlit. it grouind requested iII advance. It is preferrled thlit a re-
rlal Ia fac'ility locates 11nd follows the aircraft iilest for (GA at destlin•tionn lw aI)l)endhed to a
thiotilih the low l approach to a field, and nlfenlhrs flight lilill whoen 1 p)racticeP ilihup•li('l is planned.
of tie (GCA c'rew talk the pilot down to ihe 1|iii- Ot herwi.se Imatke the leieiylest to AI'I'C i rAlprIuclh
w:ky. -No l ,cil ,(lil e iment is re(lo ired in file air- Cootr'd1•lit hiell0 30 li||itv.i ilihl,'d oif I'i'A. E-ven
c'raift, ad aiiv rin i-,-eqaipped aircraft .,n fly ai in IFRZ weath]ier, inike the l'eupiest in advance if
(;CA apprrouch. In fact mavny successfol (;CA pol.i lv"e.
Sl di I liui gý h1ive, h1,,ll eu i , 1) v pilotc with no to a:iI- 'l'he ( C(.\ I're\ iI I•vlo iu y trli wd IIll las
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ino other dutie-,. At Nay" (.CA units, there is al- ('PN-4 is disk.ussed here, for thle. MP N-1 is basi-
ways til officer pilot on duty with lthe (.CA crew- vally simihu' but ilot as advanced.
dur ]uz 1FI? conditions. In the CPN-4, the .maulcwh .s-'tem does the

initial locbating of airciulft lying, within i 36 !o
GCA EQUI PM ENT50-ile radius; the pc•.,'i.io 'y.,t(.1m track-s •e air-

ECraft downl the glide path l during the fihal lahdinl.g
There are several models of GCA eqluipmnilt, field approcich. wid the (.'oiYldfl infl COw o, nir(a-

the must common being the MPN-1 and the CPN- rions .y-te'm provides the ateans for tilt- niecessai'y
4. Tihe MPN-1 is more or less obsolete now, but two-way, air-to-ground comniitication. Tile en-
11 man\" unit, alrc. still in ukvc. The ('PN--t is the tire euptipment. with the exception of the dhirection
st.1itdl',ti type. fiinliing eqtiuipmlienit atId :lssociate(d anltenas, is

The IPN-1 (Fig. 20--1) can handle only one Inouunted in two Ittobile trailers.
nircraft at a tinie, with intervals between ,i)-
pronches of about 3 or 4 minutes. Its maximum Search System

-acarlh ringe Is about 3o) miles. The C('N-4 (Fig. As ju1,t mentioined. the fiiictoho of tile search
201-2) can handle three aircraft at a time, with syste|im is tolocateanicraft flying itithin theradilis
_approach intervals of as little as one ininute. Its of the equipment. The area within this riadiu,
searc-h range is about 50 miles inaxirnnin (in any must he continlly scanjied b" the rottat ing starch
location at least 36 tildes). Both ti in its ihiorpo- a ntti1iii, SO that al)I)rolchting aireraft cait Le
Srate three sstemns-a: search .syst Nem, a precision itnitiallv located, identified. anid then (lire(cte(d to a
S -ystcu;, : nii :- •..,::'n~um c:tis -s'Atzm ( 'Orly thle position for the finni Iamdin u-fiehl I ppromIih. '"'lie

Figure 20-1. AN/MPN-I equipment

'A_'
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s$st e ii call provide ia good pl'esltat •oll oil tile

search indicators for small airciiraft flying at alti-
tiudes ipl) to 8.0()0 feet, within an elevation angle
of O.5° to 4$°, and with in a radius <,f 360-'. Larger

iircrnift can uIia llv be detected by the CPN-4
-search radar at altitudes in excess of 8,000 feet.
In that. connection, it. might be noted that jet air-
craft in a dirty condition (flaps, gear and dive
bri.kes down) inake better radar targets and are

illore easily detected.
'hmcre ti t% io 1mu(licators k'1'1I scopes), one

for the traffic director. and one for the plane selec-
tor. 'They nre identical and are used in directing
the ;iiicr.ift to) within 10 miles of the runwav.
EIuidist ant 'irces oil the scopes serve s 'als "n
ininker. to show the operator ]low far the air-

craft is from the landing field (Fig. 20-3).
During landing operations, the traffic director

follows tile flight of aircrlift. on hiis scope and di-

'ects thite-li into a traffic patttern. If there is IIloro
tilil olie ailtu'laft, lie turlns each over, Olle at :-
time, to the aircraft selector who 'watchles th--
flight of the aircraft on the other PPI scope and = _ '_ .... -
gives the pilot headings 111md altitudes so that he Figure 20-2. AN/'CPN-4 equipment
(",:can fly Ii'- aircraft toward the glide path and

.iniliel. ver it into the approach position. Whlen
tilt atircraft leaches a point less than 14) miles from T his featu nr iakes it easier for tile oI)erator to
the ru iway. its image aippears on the scopes ill the pick out echoes that corresponid to nircraft in the

lVreciV.iom systeji i1s well, and the precision opera- a rea.
tors take '-,er and use the informoation on their
sc oiits to direct the pilot Ill linding the kirer ft. Precision System

TIlee S.earch euIl ipilpilit iilcrOrorates '\vo spe- A, the ai-rcraft conmes within aliout l, niles
ci',I featties not found ill the older (CA equip- of the (G('A trailers, it appears oil tile Indicator

it-eiu. One is ;mi automilitic direction flilding sys- s,'ree'n of the precisioni systeii and front then oh.
terni. Ihis svsteitv determipes the azimiiuth of the the ground controller gives oral correctionis foir
aircraft callinh tie ( (.A iiid produces an ee- keeping tie nircraft on the .lide path for a firial
itronic strobe or bright line from the center of approach.
the screen through tile echo corresponding to tile 'hlie precision .,ssteni s\\eeps bioth vertically

calling aircraft. This fenture enables the opera- and hi'izolitlly and preselnts it patterli til the
till to dtiortiniite iiiie'ldiiti.l which aircraft is sCrYPIn showill-h, tltvatltnii anid aziliith rli iesectiveVy.

calling . and facilitateý his (lirecting the calling Aln outstanding feutture of this plecision System
aircrift to the proper position foi a timial ap- is that both elevIit in iti th pi'stntts

pro:tcIh. apll,:in m, the Smaiie -ltsr'ee directly below the
'hi'e tther Ile%\ featolre, luot foulld ill older star'ih scrtee. Thiis ivakt- it pt;s-ible for one otl-

i( A. >?semiis. i .t lh' I \oviuig-t:IrI-rt't illi'iilitoiI crator to ,'titrol the \hl0(e :-iy.Al1| if lut'te:su-mll v

(MTI). This sv.-,t-ii redtnuie,' the hrii hlt ..ess of (1hig. 20i 4). In ofld'r (;(CA t,,liil vt.ii ,ii h,tl'Vttiol

the s,.'ope echotK.- froui StooliceCs other thtli ilp+- ;n I ;Vitittitli weNt're pIir'etid o'il two) selurate inli-

lr'dlhinihiL nircr(ft. inludinhiug echoes froili the cntetr scieeln' a:itd the aiipronch cooltrollei hi1d to

.w.I !e!i y Iurmilid. olit-t e-.l li ue- ih, liiir , hill.. i-t,. rI-l-\ ill t\\() o]ttiiori fu Ithi •'•t ti i it- fiiiu l iattio
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Sof the type of command equil)npent his aireraft.
STROBE carri

In addition to these con1n1un icat ions sets, the
('P'N-4 is eq~uipped with at VI-F/DF to-wer and a
high fre4luency I)F antenna svstemi that provide
the electronic strobe through the echo correspond-
ing to the calling aircraft on the search presenta-
tion.

GCA APPROACH PROCEDURE
('onlipleting aill approach iiilnder ('TA direc-

Figure 20-3. CPN-4 360' search indicator tion requires teamwNork between the pilot and the
(A -2rew. The principal requirement on the

as to elevation aid aziuniuth of the aircraft at all part of the pilot is that lie hie able to fly basic
tiies during the final approach. instruments and bie able to follow instruct ions.

The ('PN-4 elevation presentation appears Generally, a G('A approach may be initiated
on the upper half of the screen and the azimuth at any point designated in the clearance; how-
presentait ion appears on the lower half of the ever, Air Force fields and certain other- riequii re
screen. Aln electromlic glide path cuisor indicates the prov'durp begin at a certain place or fix. This
tle correct glide patih, If the echo goe. beh low information is in l4adIfats inder "ýRadar Air

above this cUi'rso" tile grounid controller tells the Trffic Control Facilities."
1ilot lie is below glide path oir above glide path, "Infornation concerning the ava il:il ity' of
and the pilot makes the necessary corrections. GT('A at air bases can be fouind in Radfacs, and
Range marks also appear on the elevation presen- in the "lht's Handbook" series. These j)ublira-
tat ion so the ground controller knows how far out tions list the Air Force, Navy, and CAA fields
the aircraft is at all times during the tiial ap- tha t he A it ie, Nalie a t ions fiel
proach.,- that h iave (;('Aý facilities, the (.o1m m111 ications fre-

The aziiiuth presentation appears on the memicies used, and other pertinent information.
lower half of the •'creen. Ain electrolnic runway A\n actual ground coritrolle,( approach is
,''e!,•c !ine indiciatt: the ci-re.'t eourse for the air- quite simple. and there are few procedures to re-

cra ft to follow ill making the final ap)p)roach. If meliber. '1lie Imiore importait alt:
the echo groes to thit' right or left of this course line, ART(C alpproival is neicessary before making a.
the gruiiii(i contr.oller directs the pilot to fly a ground cuntrolled approlaiih under weather condi-
headinig that will bring the echo back to course
line. '[lie azimniutli p'esetitatioi iilso ha-i range GLIDEPATH

11111irkurr so) thle gro 1touti cohtroler can tell how fill CUSO

(iut the aircraft is at ill times. AN'hien the aircraft
reiil ies :I position ulhioit 1l/4 wil e front the end of
the runway a114 is on the g.lide pItli. the controller
gives the pilot fiiill laidiiig ilist i'ctions and the
rest is II) to the pilot.

Communications System

T'le couI1uiiicat uoll- s\'t.it cilhisissts oif all l,"
• ~RUNWAY E-L [EVATION SCAN V•'

set,. a1 IIF 'el, a V III., Ill" set, ;a (d 1ni -M set. COURSEU NE WAY.utH SCAN M'
'l'1hest, st's cover. :11 the fioepini.W. Ies used b), v-ar-
ious itiriraft ionmlitml sets and make it possiblel Figure 20-4. Precision azimuth -elevation
for a pilot to titke a (;('.\ ti tpromuihi it-gaidhess indicator
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tii' i\ v11 1, the ti stlim:t tioll iesoi t ileS ci'il 1l'ie proper liispeedd t11tin thi:t l l; p] lase isone which

airva.y. is normally used oil the downwind leg of a visual

)o exaetly as the approach controller in- pattern. During the initial approach phalse, the
sIllrIcts, and if foi so.mle reason, his instruct ions ( ('A operator nor01ally gives tile hltest weather,
camlmit be fo'lhlowed, notify hill, iiimiediately and di w-ection of lanlding, length of ruimiay, anld othele

take inn iediate corrective action ais ntecessary. landing information. '['his infornmtion influ enceK

If Noll rtee.ve i,, t raitisnission dIriIng any the (leterniinttioii of the airspeed and the landing

one-ni note period wOhile in the CT(A pattern, fol - flap setting for the fiial aipproach phase. 'If tile
low tile in issed approach procedure for that par- ceiling and visibility are low, the airspeed should

tici nt" field. be low and the flaps lowered to give the correct
"When mu ol the film~l ;Ippl ch, if youl reveive pit(h attittiude. Also, the shorter the runway. tilt'

Io t ltitsliiI durinig ito -second peri'd , fol- lower mulst be tile a tispeed. I11 no case should the

low the Ini sse-l -;t roch procedure for tile Pillr- airspeed be more than 30 K abho'e tile stalling
titulac field 111 cdtotute the c.,ntrol tow\er for speed f•lr the ai rcraft as determineid from its gross

frt itniiI list IO'liti s. weight. 1l tip settings depe(Id oil thle speed to I iW

lhead 1,-,k ill hliveAini anti aititindes given held on the filil approach. When at great ttln|onilit
-mil acknwletdge all other tr:tnsinissions except of fhlps i1 iliecessativ to limalittil the proper at-

wheln inst rtrcted b v the conit roller to retma in silent titude, th," addit ional flaps should not lie added tn-
doting tile tinlal appralch lportion of the ap- til the a itrcraft is on the final approac'l at a rngee

proach. of approximnately 7 miles.
If 1t91ess1i1. o sol trolled

""plao•prot,.t . '.' 1, ic |• ii•,le \v-;!hl oily the tiirn-tl d- Final Approach Phase

lank iidicator, the air-spee(l indicator, and the Ihie final approach phase is tile portioti of the

4, 7itIitetelt. pa•tteit VX(elltding fro It i•hlige of 7i miles to the
o('Nfine your rladio t ransniissions to those instant the aircraft breaks through tihe overcast

ite-essa•.l and be us brief as possible, coinsistent and visuia, reference to the ground is established.
wiNhti the tIse of staidard radlio-teleplhme proce At ai range of 7 miles, tile airera ft is slowed to the

ditre-.i fii ila)•proiich speed atnd tile tratfi•t' altitude is
Whten it pilot has been i'lem-ed by ARTC. for maintained ul,til instructions are received to start

1 git ,,irild cinmtrolled ;ltiroi tach, Tle (C('A. controller dei eut aloig the glide ipath.
gives him intructitol, wheit lie reports his position

toi a 1it 'lit facilit y :t or lelle his destination. Pre-Landing Phase

'rhe-e itre the iitlt it .istiuctilo.ons to the pilot The pre-hlndilig phase is that portion of the
icht~nit ttale htiii to gzet into the (i(.. tralfic ltt- inpttern flowxn after breaking out of the overcast

IterFl. Th'le ilit toltio•ioli Iatterlls ised alie tile. itil julst before coit.act is titade with the rultway.

ciil)Ilvltt tlim:l retaltgilar c Irkttli amill i strailght- It is the peritod of triansition froiii iInstrument fly-

ii itlls'i•ncli fi-itt 1 ra itge of 10ll iiles or more. ing tovx hiial is se, tie chttge-
xevgailess of the Ixtpe of platterii flown, the olil- (\,eI front t oit cmitolled flight by the (;('A crew

plete tat 1,rortch procetlitre is di'ided into follt. and usual flight bv the pilot shI'l he gradtal.

ii'" lhi:tCe-5 : Tite pilot shohld colitinlie to adhere to the lust rcitc-
I1) Ihe Iittial Iipirithli. (:2) thl 1i1itird ;1i- titohs givelt 1x the controller linutl it is very evi-

h, th p c lu il'- p ms, id ( ) he (t'~lt that lie, *\\Ill not hoi.'(e \isutil Conltact \%ith tlhe

S( Ap'oa Pve:tt Ge'A thir illtmiltitis 11'e shown itl
..nitiaN Approach Phas , Ifc.'-. Whten thil ;irjitift rvitriltt' these 1nitti-

•,''1v, i1161.:d :Iplpro ,ch I~ ~~ •, l ile *\ vh,,hl- ,, ,, .the ,.,mflolh..v N\ I I s a( .;•l I ý the ) lih ., let

tg l !t \o 't! i ll tilt- i Ilt ie th t I lto t lt ie if s.even N 1 will it r t (ler i ii:tie-ill ;it to at l.'t'o. i, hol-
"mtil ts ft Ilt ti•t othidnl'l i\\11 pIuhlit til the' itt,t tlmld V1'. Ill iii uttikIgr-ei i. III' ml it utax I) ltui:eil ' Ie-

O r h1 , ';I ll i ll , I, ,f t h1 e 1 1 1 1:1 l :1 l l o ~r h:•l :1 1 1 1 :t i cll(- i h it ~ u ' h1 l l w i l . .11w c l l i m um.~l l - • o l h i .o \\ ] v ,ý I m l s ilb l I ll ;1 11
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(W'A %%ili caniti nue to moitor the iflight an(d report "lead" you to ,t safe banding, but at no timte are
tlttitles tat hthr dat a. These minimiums, which you relieved of the responsibility of flying and

vayv with location, are planned for safe clearance contrnl ing your own aircraft.

-orn terrain obstructions in the vicinity of the air- Any pilot capable of flying smooth basic in-
a01t' aid the low approaclh route, strutnents is qualified to make anl excellent GCA

approach and letdown to a position front which
Touchdown andLanding Roll lie may 'make a saitfe and successful landing, N[ow-

Dturing this l)hase the Approach controller ever, familiarity with the procedure and frequent
not tivi• the pilot when the aircraft is over the end practice alpproaclhes are valuable insurance. 1ere
of the ruinway. If visual coiiract has not ueen are some helpful hint.s based on a review of sev-
estalliished by this timine and the aircraft is in a eral thousand approaches, both training and in-
1:11,init+g altitude ;vith a rate of descent less than strurnelit
.,t0) feet pue i,1111ltt, it is lws'-bitl to execute a land- Make till tulrns its nealr standard rate as pO.)-

iag by maintain ing this atttitt ide until runway con- sible; G(WA knows the turning radius of your type
tact i, ito'd. Such a landing will not normally of aircraft at normal speed and determines your
dlhit:wg all airy'-raft .'st -i'ttr-allv. If visual refer- turns by tiis knowledge. Alco, start your turn

I .i, iinth. IA *fotre I ollchdltow t, a Ilio'rmial landIng the instant (GA iiuf,,-rrs you to turn do not wait
.ihjilhl ltl. i-xv,.td. I)oli 't lie.i ate to "go around," until you have acknowledged the transmission-
tholngh, mid rleitlenbtT. that t'. rslhootihig is dati- in the ensuing interval the aircraft will travel
germls. from i,} to 11,., miles and your turn oil final may be

'ITle pilot may imtikt' a poll-iip at any time lie ill lille wlith the tnIIIIwtaV of it field in thei next
h -ki .i- d 'iii Ili, alp rL ouo', a nid lie "-ill be giveii olilltv.

a It \-atl ilii' timL his lositioL oil the precision Hol ot' hie~tligsas .ly as possible

1,ll0r1-y is inl doubt or %invh he exteeds certaiii limit.b and take azimuth colr'vectio; - its quickly andi
'vhich h-av- been• t.btylbli~h. ly CNO. When It smoothly its you call. I'Pactice i), iakiiig all turns
pilot i•i given IL wave-off by ('A, it is mandatory standard rate will prove invaloimble when making
ittl must be taken. at no-gyro approach oi( GCA. On a no-gyro ap-

D ur'ing I t'll1lllit conidit loi', fl outside ob- proach, G(CA.sarts anld stops all turns, timing
,'ae!' ianttilnt;. itt istant lookout toward the them to place tihe aircraft oil the correct headings.
dow iiwind end1, of tlit' rui•nly; when lie sees the A nmost important part of the GCA procedure
tiiciiuft m it, lights, as t- case may be, he in- is staying on the glide lpath. The GCA glide path
staiitly rot ilies the linal controller iii the G('A is a fixed flight patth set, up in the trailer at 2i,,2
trailr. 'Tle controlleh ir turn notifies the air- to 3 degrees above the horizontal. The rate of

-1 cra'ift, 'T'li' otsride b,-lAI.ivpI- repois you tire con- de.•et(it necessary to rtinli onl this flight path
tict, vou are -hrtiii-,d to Tiike over visually" and therefore dhepends entirely on ground speed and is
thIan •,tituIiii1s t1 ,rillnovie It stead* lv flow if ihfoi'- subjert to fluctuation of the wind. GCA( instructs
ll'tlio1 thI' aircraft .s to the desired headlirugs the pilot as to when he is applruaching the glide
to IJtiIng hiiii over tot lite eiterlilit. of Ihe ratiway' path and whllen to start his rate of descent at 500(
an llldhs 1-1httiflil to fill glille pimlh. WVhell the tit'- film. This r'ate of ?,)00 flni is the best trate of de- +

P) vrl',ft i., over the vild of the rulm-11%, the p~ilot i,;

tlhl his drif't right onr left-if otvy-ilnfl, his Ito-

Technique

1:.-]t+,'I itbintH is riiod'J to) dlir'e- lilt iiti'a'lft ttt - 7l hl
0 ~i ft flor(hi 'to1d wif) lIio vioen ft nitoii

-v,--. h I,,o v i. it I v II I whl'ti who ve l'ing the i air-
I r! 6; '.A ty tell ts yt W'lere, itl woilhl bh 41'

I tII r tols, (G('. iattelitljis to

20-6



ALL-WEATHER FUGHT MANUAL
NAVAER 00-80T-60

i-scent to %o,'k flroi. s the aircraft's tendency to ijstructions as to when to Vedv'e altitide, and to
go below or above the glide path is noted, the pilot what level. Thep vary with the location but, i. i

is instructed by the final controller to correct to general, clear the terrain as follows:

glide patand what his relative position is. cMake fver t pilo. from runwe o: 1,500 feet.

Smt ie corrections by inte rnd gentle movements of ari is dr o tunwy leftr
lie yoke or st ick; adjust throttles only when your 4 nih, s front rd nwia': 500 feet.

airspeed gets too high or too low. Don'tchase the tidie waking su reachd, te aircraft

rate of eliib; let it settle down and use it for an mist not proceed pelow range or ADF facility
2•indication onil*Y. Your rate of descent maybe very minimumis (or 500 foot if none published), beý-

GCo(A---if you are holding above or below the glide canSe of the lack of glide path information.

nath, corect gently to tile glide path and re-cm headiestablish your formier rate of descent. Do not at-

-tempt to stay onPte glide path with abrupt rhanges If the pilot loses tileyise ngf nios heading indi-

of hanifold pressure. Inertia is too great, espe- -ator, he is directed to turn left or right, all turns

iill.- in i heavy aircraft, and will eund to make being staldard rate (Tak per s-conf). Ills turis

you over-control and make such violent correctiont are tined, lI, when le lts reached approximately

satitudes thsitateaa wave-off g the right heading, iee is directed to stop turn.
tFiae ability of the pilot, to roll in and out of a

GCA EMERGENCY PROCEDURES stll aniltard te turn (rapidly), together with mair-
taining a comwic ss hecsing, ote partinl penel, are

tPI Approach tgie only requisites fori flying tc -heea diah g-nidica-

If the precision radar syster should fail, tahef toa tplroache.

Oaircraft can be safely brought around for a landing ten orire po sVU -=•b P lpoaceh, and will be assigned definite CMoireTa-Of

ailtitudes and headings. No glide-path informa- D~uring instrument weather, when the ceiling

tionn howevera will be available, is below range mtinimuot , and the pilot requests it,

Tole downwind and crosswind legs are the G(- iscset u1p to monith r the take-off of aircraft to
_ sanie for this as for regular GCA approach. All facilitate their return to the field if trouble de-

• data regarding visibility, ceiling, altimeter ýkt- veloips which may necessitate anl emergency land- -

tling, and wind are given before the beginning of ing. D~ependling onl tile case at )land, GCA will -

the final alplroachi either bring anl aircraft around the normal pat- -

Oil th~e final applroach, the p~ilot is given aecu- tern, or direct it to a position whereby it mary land

rate info•rnation concerning ranige, in adtdition to on some part of the field. If tile. pilot requests

corrections in headings, so as to keel) the aircraft 6C'A to mnonitor hIls take-off, lie must check fro-

aligned with the duty runway. The pilot is given quencies with GCA before take-off.
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ASSISTANCE FROM GROUND STATIONS

S 'I'll E dens~ityv of :Ii- I ralue and the speed of ing brearings~ ontt bv ut If tw~o or miore I )Fsta1 ioxxS
A1 aijicitft have inlcrewased, it ha~s becomie 1xierell- take Iwtiritg-s, voijlete& position~l data is obtained~i.

i Ig]Iy I nei vs.suvvi, that you know yourx position ac- I'1'Iis cliajtcl. (hiscU5Mct" these aids and also certain
4ll11-tt-k , N111d llimtlltttill courlse lit. lilt t ilies. '1'hlisi~s otlw Ii' lIse i~ti'la)otik services aivaiilable to p)ilots.

(swilIll re, of courset, iii I FIR condtitionis. At (W(A mlay he iasit ot(Ixotg tlie-e rdiii. aids, but it.

the( sun'1174 nht 0 , wvight lin11tittion,t k-eip thei 1iiitolilt hais tilipttv Lo lstsst 'titt 0 i

of Iiivigatitill UeIjiIIi~leit Iil carierIC aijlcrtft to aln imoi1pter, therefore, 6(;(A Vý vollthvredIol ill m-e-

absolute tIlt illllilo. Yltire are tilliets, the(refore, Lillto its tthility to -ive positioll retport to. it alo(st

whel Yll ])lst i~l gr(1r-hhspiS llitvigati on Iiiti--itft neati it'- 'tat olxi.
ute11111iui whitl Iiiel ivs its 11101d igs to you bY

~;imii ~~iga in id xii f woRADAR NAVIGATION AIDS
t N Iw :--;I I;mmI~ aI l II s a II.Il 1)v s It ]%:k. I ; ir x t a tx oItIm s 'Ilbc searcht radart. kiioNii ill-;( an Air Smitivol-
(;I:,ervv tlilt nircraft oil the scopt'11( adeth'tr'illitit its hitince Itxidil (AsikI{) s eall'mtllm' 1f defertili II it-, thme

beal-I it i iut;, ( he-ln . I its .,'It I( l . Iiireet Ioji I beltittlg, Iltiu mdi~tvlre ,f lilt )Irta-ft N61thin it,~
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hairilI to detect near ltlc rlnge limits witlout I1FF. ]iF, tolmltili.ili tat lolls equilpmenlt, IFF e(uiplment,

Somnetimnes. too. thle radar station ha.s to ask the and eertaini other innai ittenanice arid uperational

lost atirraft to ex',cute a turn •o that his pip oill tp o" I ilk'Utloll, it L lllge (lt-\ iC, type

the radar S'ope c;I)e (.1lo distinguished frlml other Situatitol display, for loth itrllic control rado',.

airrtaft (l tot 'aut o,,traic ilon pips. It also lIs it selective (coilmmuicaltions and intt.r-
R r r C t C t( lticitttitilllS svNstelli. E•xe'pit for t'ho- colll-

RaidarAir Trafic Control Certers uitulicatiolts equiplments which are required for

TIle Navy is estZbli'hlillg Rad:lar Air Iattit. eullergeney l)periat ion, tile ]A.iT('(" uses the stailli-
('oilntrol (enteis (RAT(') lit ntiljor air statioullsnto nard %i station comimnittltications equiplment, .

pirovi(de rad(r sIt l 'ic.e aIt iIligtl bes ylodlil tlos of As lilt exaimplhe of : Naval Air Stationi colitrl

,l-lillil-u ((CA eqlipmleil-tin. "lht Air Ijrce ht' it a tiei illg lit- lI(ttcltial t-I; alnhithiel of it Hiadar

silaiiair facility known as RA PC( )N. Air Trallic (Conitlrol ('enter \RAT '('), see Fig-
Major Flect Sutpport. Air Statiolts ail(] All- ire 21-2.

We\atter Air Stations iato. in geenaidl schee ed At the present, 13 mialijor 'Nav'l Air Stat ions

I.) riceivc iliod.l'in, ptitrililinlitlv illýtalld rIadair al' ; irlie ;ileitg equippied with RAT('(" amid nilor are
Iritile cnt rol ceittel-r (RAT'IL( .I. Iliolleri Inohile luiling lpittltied. "til FiS-S searlcil radiar llivk.

(I('A equtipnitteilt ,i Ith. Eithir of thiese types of l1p) aircraft ait :1 greater distinmce tittun G(A could
fajilit irs \\iI illcjil.;ti.c tile IFB t- ra lituiidlihg forniriY (do. It then fee.ds tile aircraft to tile

apavlltlcse of thit- adivities. to which theY Iar'e It- Short lailge sealhll ltl(dill" (f the (WA syst•ilii 1'1l

.iigitet. thas allows liiolt' liil'rift to be opleUllated itI the

F.lixed Rtadalr Air 'Yr:ifitc (.'ontrl, ('tilltr collitiol 1ll'l- (tii IFR thll w\ts1 forlmierlv io~s'iIhle.

(I;A'I'(' ) hlive tile folhowin, bihasit equilrlnerit. 'llis itradal" is ilsti 111ile to give 1),i.iti(Iins to air-
(See Fig. 21-1.) craft oil tahlihllg flights iti tine locality tiltd to

-".• 1. . l i,2 l',mf/i (Air ,tl J'l<h,,' ill',ircrft plassing, b.y the ill'ell onl tiI,-\iys, ItOs
V.\N 'F lP S -,s i .•- k- ,tI lc o f detecating aircra ft at T h'le g reateri I:litgl il]5,1 1) llitS the 1lei aiilw

n itilite rip) iir :I ppoxinliltlY, l ll) miles lhie of oIf jets fot stizaiglht-ili IliletilIt oll without so liltitl
-.glt arid it alt itiiles lilt to forit or fifty tlhousaid dillic'ult.a itawsi formierly tlltOullltit'-d. Ill plre-

feel. W\tere tw\o miljiltellt Stationi II1't' scheduled Vii0.1 t rollil airei•s, it "11. iw.ilillv neie('(t•ill • r 1 for
to rcceij e RAT h( tla FIP)-.S will Ibe) instlle(d ait tlie jet to begini its peut lrl iou while -i w ii v'4\.V,

nly itOne (of tile two ailli wiili erv.e tie secolnid iniler A T( ' cortliiol lit(] colilctt it illidr All-
Itrolighi rpp:ltelr Scopes. Iurocli (oillt i ciearlifice. Tilis iieillit )il'lIt'lilSi.

2. / L.rmw /?tnv' Aii 7*•a<c ('opitrro Ie~la'rI" re.sIltluig front (1liu1lity of control, tli l' slch iletir-
it iicitli is 1ike, the, setirch porti ion of tite nili eee sollietiiiles hiird to get . After peliie-

.ANo('P.N4 fr AN MIN-5 (('A.) is tipble of Iri ring floill ell route ltlitld oil the tilt il'wtV., the
detlct jitg titirtriJft Itp iilile of iiiliiroxinttteiy pilot sollitetili•s found hi itils'lf lit the iliiitil Ill)
I w t\wit) fI lftý% mle-i, liney ofr ,Ight wlitd tit alltitudes plroat'ii altitiude beting dveii c lea (.t:ltil('P Ito compldete
u11) to fift(een tholi.millid feet. thet approac(ii•h, and lult\ilig l, hl~ d litl ilt\ lillie o-

A. l',,'tw.;x;,m ..I / m ./ A',ladr (whit'h is: like iilti-'lli i il tiltlde its- to fuel 'oll slill)i)tioli. W\ith
thw ill' ' 1 iollt litt1 :illpi)roitlh itiltIlr (If the sinrgle agellcv (ointrol (over the hlarge radilus ie-
AN ('l'N .4,or AN ' l IIN-5) i' t':tpl, ',,flr,,'Vi- IIili•'(I for ,1lith ltllvt'riltiOIS \1('( tilltr ai-

, ~ ~~in", lf~'ial'i rvyuii'(e( for the( .•:'of0 lilla] :tp)- thiorize such'] pielletri-11 t n]m Ill' 1101 O)fiell.

*Iirolt,.li ,If •1A rtii - Ill" i tilti ple-eiirIie i iil'tcllift to iatI'li\; liltl'll \ Vefillilt'" Cli - is w h GCA and ASR Radar Aid
G ut A. oiiilill- ,f lhe' p rit uitic il'm t hl d. E vvtii Ihotil-h youl arIt, notl limikiig it (;('.\ ill)-

1. A ('1 1, /'1,1 1,. f.... ),. , i• h •(,:if d Ill il,(. 111 )11 1,i \.]i ' 1) 11 1v IIII v r pclit,'I pos.itionl (1;i1:1 fro mli Ill(.

,',,ill[> I1(\\k '1. "l'l Iii I' ll CM' l mllill, I'-'lii4!' llitli" !!"t l ' 'll. T ilt R,\ 1 feattrl'e oif Illh 6 C( A 1.ý capthleli h oif

ill r(qI 's :11d -li~ , t rolll 'oii l v '4 f,,i flutc' ,f lithvi. Iov,'iillli flit, nirci't'l if fromn 211) if ) ý)O iles• from lln h(,

lI!,il;lir cql l[ (,'l • :. • \\(.Il :Is fm~ V II 1" I ll", 1*' I1", fie~ld . de tlll idillil', on fl~it-' I .],( (it' f I ldilr v(, li ilwiie ilt'
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SHlORT RANGE;

AIR TRAFFIC CONTROLLERS FINAL APPROACH

ARTAIC C rCONTROLLERES

MEI I R NCEEA'ISBULIG

AIR TRAFFIC CO*TROLLES

INDICTRA SHORT I ANS " AIR TRAFFIC
CONTRO(L COORDINATOR

:uM RiAPC M IM ARAFFIC
,7 ROL CO•ORIINATOlR

CAIR CAONTR(I COOM RADAR -.-

(IN OPERATIONS,8UILOING),

S• AU1:LLIART PAR HARDSTANO

q " VISUAL COINIROL TOWER

AIR RAkFFIC CONITROL

INDOICATORI OPE RATIONIS BUILDINIG
•, RENDTINCG CABLES

M, IEDIUM AC
S~~AIR TRAFFIC CONITROL RADAR,-•

S~Figure 21-1. U,.S. Navy Radar Air Traffc Control Center

%ti riti, tie,li iideriod iSize of the lti •craft. D)urin zg 11ut d'terziline for yozizself whethlier 'ou 111.

II %e•thvr, 1hL ASH m it mlo illors 11l trit h" i ll e1 Whie' . b•' ( lN,1•\ the g]idt ltl 1 , N1'(1. 'i i . yolu r

the i'e;ll "Ptlirtherl'llOl'e, when ' the p)recisio nlllt altihieter lt the altitud es deltui lited ) " thi e coi l-

il IInIpl.-- itiv, o i! %hitr1 th'' e 1, ioU l I, The .l th troler :1-,4 pro'(pler• fo;' thAS. lt p ition Ao T mi t o ls e.
lilV. clu i tgide tihe :iirvraift to the proper glide cilile wheni I.r how to colerlct elevil\io i , lulT wheS.

path c'(urlse, f i .•h distilli.e Ilforlutlol, Iid to t•ik, it %%i'%-e tT if ,,Ol 11'- too fill' off tiie
I -,:1te, Iprope),r ;kdtitlide-, fo)r tlhm dlis-tmice. ''l'his prope(r deet-'ilt plittril. Th'lese •lpl-m'iches ilsi-

is ý:tj .•low knm%• it an "l''lI zi lproac•{h.'" -11"I iu- 1111N IiN.. Il', h izl~el minIIIIIIII .• th;II (,('A\. 'l'l|v
S.~• t z "m, -A ]{ )qipp o.' .,l." P'rocedfure.s fo)r 1t- minifilimi 1 ofte,:; fi ,ltth e . i ts t. he hlocal Inilge (ir

ter l-|. l iclf s,. '1"1l(, colntrolller' ýlol.hld advise• voltu of t'he
kttjI, ,lill,,pi- tinr :•l'j'(ýf to thu lpropl).r • ll i•'d l l.. iliIII IS fol' tile i' ~ n ' ill tl e •li

(.()It-I ' I I1i, co l I'•, I lh, )I l l. I NIII Iel I • N w1 o lr Io'l I loll. Ih li ue t II ~ l ull . 1 -,• ' voll fi w :I I 1I'1 :11)1 wo i' i.h
1-1zl~ , r I[o I( h f( o I I I-,l d pjj t 1. ol I (I)u 1=-l.ýl:tI j fl-()I I h t\ lIit= ' *, . , • := lf~, I• q~t ý1-( .
I l it\\ ;I', ;I Iif •II i •lI If it t di. 'l I t •,(I ,u )l It l llh , •,j;jp~jj;jj I m d ~ ; ''. 'li|L .\ i I for I m" l'l-
lIIve'. ThI'll coltroIhr , ;m.•t detrfulle (Ill, :wtl'l', pI~le• h lldill_- oplern tes mnli'tly ns fo)r hI: ldl dl', s.

• • .--"•.,,;Ill Itu ih' ,or I;Ilc ,f dle'-vill (4f Ow•, wi•c'l ft. You Al .\o• - ho'likl, (;(. it ,'A , •i lh , oI ,, ur•]l;fIII

•! 21.-3



ALL-WEATHER FLIGHT MANUAL
NAVAER 00-40T-60

I! itt 'Il

I.NJ 1A"i 01W Al

tj~m XT.c.4301i low SUT1

*.:. s " ~ .. j ( !! .e' ! ! •d ON AOIIT L O iilLOilTAIRCRFT-WLLON

, I S C OCMIttCIIE____________________________________

PI.'III• ;•:¢irl: If.1 !$l ll,• llI 1l0.k l1(il{

Figure 2 I-2. Naval air station control area with RATCC ..

rii iii W v jitlt .\XS l aqpproar'lie. a ie av ailihlae for T|I/th .i tii~u-,ira. ,.iio, i'elest ratdar a.s.ist -

otheir 'lull W\ll'j, w heii o\ind 0 other 'on~ditions U lic(e froml the A ir ] )efense Sy.,steml througih ;liy

pie \'eiit il.&' of [} e (; .• l l iV t ("; . (;. .I i'A ra nge St attion. ('all .A I)( R aId ar o nl 121.5

inc or 243.1. Inc usilig( di.Ntress c',Is of "Mt vl-daty'"
Air Defense Radar Intercept or ];.'

Al 'c'rll ft l~ivg iii all A 1)1I. ( •ee ('lhaprer 14) Wlith a ,e'err¢t• o~dy. tunle to 121.5 Inc or

:ire usuallly Ileiitg followved onl r'nd(:ui. Thlis rldu~r 24,1)° witc Iy h t lm ii iiite tez. 1101 go e-lfa tlern of

liii\" >•. ~edi. elie.•e.'y o fuli~h ])sitoiW ] (It, ih tO ils (1 li,. leg• ier sec'ond) . ('ii ul}ete it
.r fthe aiiirci.ft lial• no o]lerlit ino1 r'dio 1C'ej'ei\'l' ]eas'-t two ]>tter~ before r'esuiiing course, ]f

to• setol tip ll li illterc'jutolr to /.,ud the loust 1tr irthur ~oltltat is eSttlhi~liChed inistrlutio bs Wvill be
1"1-1, •t \lc n i0 ]21 .5 1uQ. o r 4 14 O -S.1 1'.

"The A ir ] )efeiut•, RaIdar Net work canii fUri'lih l'it/ 7 1(, Un•'i•,'.l ti. ;l!eft hindl( t iiaiugnhir-_

5 to .l )IA's :ito! extittuh-i llIlj('ilt't •lI'tOS i 1) l tuilishaol, a l,.•'iC aj•'isift will hie 1Ii5ltithit'hll for

!iilul~litt-tlh••r.k li:.i.- llil 1itlfSgit, ilter•'ept, Relienlmigl yolir (illie w\ill unit r'ou-
q .ii'l' r l, ist i'r(te o ii) of .Oi~h J'\' liloniiSP this .s\stenii as vo(Iii" tiir-cirift "•ill tcuntilitite

4 .ilij~i. thli''eii~t' tilt it mh, if Iil('esslill' iill ,l~,•lillle, to hel Irit.kell 1,5 "dihlti5i'll," fliuuin till P~ll)i of
h~efioi. iliii it itin' pill),e~lurivs t\lheii %(il lilte lost. juuititil ('Oilill'l.

litte jIik -lplIi to Iliill. ]Rejeat t hiese liIll(lelhtlIi&'5 Ground Controlled Intercept (GCl)
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of the ADC units just described. Mien an air- communication, you will be instructed to "trns
craft enters the area under GCI control, it is either mit for steer."
followed on the radar or is given a heading to its To transmit for steer, send a message such as

assigned target to fly by its own I). R. navigation, this,"AndrewsTower, this is Navy 1234," followed
If you are operating in such an area and become by two long tone signals, then "Navy 1234. Over."
lost, execute a predetermined "lost plane" pro- Transmit the two long tone signals by pressing the
cedure. This procedure consists of sending a ries- CW key or tone button onl your transmitter (if so
,age that you desire a steer and flying a certain equipped) or by a long count. The homer then re-
turn pattern, or turning your IFF to"enmergency." plies with your no-wind course (magnetic head-
Even GCI training units in the States cain render ing) to the station, which should be repeated bawk
assistance to aircraft in their area which become in acknowledgment.
lost or neted guidance to a field. In n1i1ny cases, particularly on HF, it may

The GCI crew is usually able to locate the take fivenlinutes for the I)F station tobe ready for :
lost aircraft and give it position or steer infor- yoPur transmission. If you are unable to contat

mation. If the radar can't locate your aircraft, a any station on any assi,,ned frequency, send tge
change of altitude may help. Obviously, if the following voice message: "Securitý--Secuilt-
aircraft is below the radar horizon ( below the line- All Stations--All Stations-All Stations (or name
of sight), it cannot be detected and must i ncrease station) -Securit6-This is Navy 12334-This is
altitude. In addition, if atmospheric conditions 1avy l234--This is Navy 1234--Request. position
or local terrain obstacle,, prevent detection, it (orb~earingfroni•Xstationiorcouri.setoXstati~oni).
change of even 500 to 1,000 feet up or down may Will transmit for bearing--(thlen two long tone

allow detection. signalFd, as sboeye)-dTuis is Navy 1234 (repeat
long tones and call sign for five minutes)--Over."

S"1Seeurit4" is the international safety signal, Ip'o-
SDIRECTION FINDER SERVICES nuc EKCR-TTY

Direction Finder (DF) .service.- are usually (This procedure is based onl the assumption.

available from ships and ground stations to the lost that there is no immediate emergency, such as in-
aircraft- These services may be classed by the ability to maintain flight, l)ut, that there is a de-

frequency at which they operate. 1THF/iHF ferred emergency due to inability to determine
steers are most reliable, being unaffected by the position. You can find the procedures for iai-
static which often interferes with I)F work dur- mediate emergency in the Supplementary Flight
ing bad weather. Though these services are Information Document.)
readilv available, don't ask for a ground or ship The niessage may also include a request for
station to take bearings on your aircraft unless you interception and escort if such need exists. When
are in a semi-emergency situation when the air- this type of message is sent blind, remember that

borne direction finder (ARN-6 or ARN-7 on the listening station cannot ask you to wait, and

LF/MF and ARA-25 on UHF) are inoperative, its I)F equipment may not be ready. It is neces-

Of course, this does not preclude your making re- sary, therefore, to continue to send the long tones

quests for practice purposes. and call sign for five minutes to have any assurance
The procedure for requesting a steer is to call of being located for at steer. When you are in
The onrocedure fora requciiy ad stteeris tohcall yo cotmiuliicittiomi with a grould station, such repe-

the controlling rad I o facility and staite that volt tion is unnecessary because that station will not"request steer" (or "request emergency steer," if
such is the case) . If you are unable to contact reaylt.

that station, the request may he relayed through This procedure is based also on voice radio.

any station which Volt can contact. You 1i miy If yol are cqimippll %% with ('W and are abh, to use

receive instructions to transmit on another fre- it, follow the procedures in Supplementary Flight
quency if the DF facility is unable to take hearings Information I)ocmnmiit. The riange of (CA, traw;-
on the origiinal frequency . After the Homer is in uitissionis is greater, so usc VN0](. Iussilbh..
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In addition to the DF facilities at airports, WN "m.

-the FCC maintains HF/DF stations at about fif-
teeni locations around the country which are able PIIý11-0 m v'OA 3

to 'give long range service. These. stations oper-
ate as a netwvork and more than one station takes I,.

-bearing-, at the same. timep. The data is trans- Pnu mm

mitted to the Net. Control Un~it which plots a fix ?a V A

and reports it for transmission to the aircraft.
If a fix cannot be. taken, bearing data, may some- MINt a W.
times be p~rovidled. Thle fix is in terms of latitudeI
an 'i lonlgi tulde. IN 0 .

Onl time basis of the precision of the bearings -III11ii tm

-anid the size of triangle (if any) when they are
plIotted, the, net control unit designates the quality .. ~ ,,

of thle fix: *

Within 20 miles: Good. AMDA .

Within 40 miles: Fair. 61 T9@W

Within 60 miles: Poor.
Thme fix position is also designated as to thle

obset-vat ioll tinle.

Thme services of the FCC' IF network aire oh.
taitined by request for I)F position to tin airwamys Figure 21-3. VH. U1 D'F D approach and
rardlin stat ion. A few mni'utes may elapse before penetration
the iietwork hals been contacted and is read).
You will usually be asked to transmit onl a desig-
natedl freq~uency. Best results are obtained be- To facilitate ap~proaches and letdowns (or
twoen 6~00) and SWO) kc inl daylight or 4000 and penetrattions) to a ship or- field wvithout radio range

(504)0 ait inmigrlit however. the network is capable oi- GCA facilities and pr1ovide anl emergency mneans
(if taking bearinigs ait frequencies fronm 200 to of ,lafe descent inl cases where an atrcraft's low
30,000) kc (,Mi mc). Again it is necessary to con- frequenicy receiver may be inioperat ive, tilie follow-

ii tie t ranismiissioni of cal I sign and long (10 _sec.) ing proceduress have been developed foi- use in in-
dashes for a five-minmute period, and it. is better st rumeimt wvent her or it., anl alternate let down, Iro-
to use ('W dashes instead -)f voice. cedure for use whlen ci rcuiulst amces ptet-mlit. (See

lit an emiergency I rhimninary bearings ai-e Figure 21 -3.)
transini tted to the ground station requesting DF Th'lis type of apprloac-h aind le~tdown mlany be
sci-vice. for the airci .,ft. Otherwise, time fix posi. used by both Convent iona oir jet amircraft. VI IF/1
tion will not be av-ali. he for about 5 to 10 ininutes I 11I Ib F fixes or headings may 1)e usedl to supple-
a fteri thle bearings arie taken. Thle FC(C netw~ork imient and yerify v-;suall or aural indiicat ions of tile
does nlot foiilis ita coulrse; for the a i iraft. to fly, A H N/O or ot her lnw frejiietov .N p. I inietit . 'I "Il

hut the 1im wm-iys raldio station Inmty do0 so wheni system is relatively simplle inl that it genlerllyN fol-
atra~i-iisiitt fig thle fix to the airci-aft. lows thle uisual 1)ioceilriC for obtainling and fril-

lowiiig at steer to it oli~troll ing ship oi- station. The
VHF/UHF DF Approach and Penetration (iivdsivnae stelnieliiiil- far

If ;In air-craft liuts Rio dire-ction finder ar hioiii- crf.which an ie wIorkedl LIinilitaiieoiishv by% a
Ig (lohiliimielit ill relillble opem-atii~g cu)iihit ioii, hut contitrolling iietmvity.
do.. liavec optriatilig VII F or VII F cohliliiitinia- Ym V ait 1);i lv ripflestilug a slteer froiti the tower.

tolitcain iiia1ke anl iihpronclm or pelr-ne rt iou to or ('( tcoutrollem Mlhelu volt at, Itenl mimllites fromi

itSi rstatt on wmhichm has VII ['[IAIF I F eiqiip- Stationi. Reppeat tile steel- request at Itleast ever-Y
ilielt foi. giVmiigmimcmmT~ft 'teei-. two miminii1tes.
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,Steel. :s (iitet'ted Mutil Nol arte repi-ted "'at Nol1 don't s-,e he tieil when vot tetceive the fii'.1
or near the stationl" 01o htil voll receive thie first re'tiptocul steel, )1 Ittll pto 1,S0( feet or other mini-
revprov.M steer, i11h'stin. Station passage. high 0101 en Ir"Ite altitdile and orientate N,'r.self for
gp te. C'heck tle tilme and .tait •OI " tll' titt t) to allot wte ajpptrOakt't,

Clear" .secl for |>net trat olt letdowNI . ](epot
"'c onmil nwing Il~e letra t lon'" tlet tlow l) to the c ull- S A IR F A C IL IT IE S

itroller an tl establishi :I t('l. ] norm l rt e( i f th- et'.tt l and 1'sies r leIp o ie y S I S a c
nIr.•p t ed for p,,letrathoi letduown. C o' liih le IV- le c e ,e v~ s p . 'd d b A • (% a c

questing steers dittIng ,descent. ml ]estie) units of the Ai- Force, Navy, and
At one-lalf the initial high g'ate Mtittde, (Coast Guard. TIe V(AI alF o operates a similar

check the time a:nd tt:rit a turn to i ,tercept the .,'\ ' : ala . ''hlemt fijlities can be :o.tl-
iuloul htileading to tilth bae. 1)isregrdtilug h ated through the variots radio Ot t'rol fiwilitie.z,
1!itt1 ill tile pellet rat toll titrnl, collp t; the Ti'A either titiltr 0t' Vivil. k.See Figure "21-4.)
to the stattilt. The timhe itboumd ,% ill lie approxi- Tiis ser\ic'e includes tile setarch for, Vetlltl'rilg

muttd , v equal 1) h ilt b, l llI phls two otto- ;1i4l to, :mid1 tesclt' of 1telsollnleli ;nl tq1ilpltent ii-
ItIes. I te:ienid to 1.10011) feet. level oft. ald maHintain• Nillvedt in ait'riaft incidents. Au inlmilortamt fimus'-
11 1 11 Nlt l r e a c h t' ) otl lh v otlr l il p l t l d 1 : 1'A'' • I i l l l • 1 1 1 1 I No t i S li of t h i s S e r v i c e I s t l + i l lt, i n 't 'e p tl o( l l a n d e s c o r t

ilItllites. 1l's IS ;s tie ltm gate. .. t aEcTA. litlils <f';ticraft \\hititi are in distress.ot 'ina et ttiel'geltcv

t\\.( tIItlliftes, tlvtwt,(n to the p tublished inliniilim. leiw det-ihu ot (listress contlitii m.t , l. escue atirraft
attitude fur tLe fiel or statltl ,.,o trulling. If :te t'a1palhle of intercepting iii.tre;ve, aill'iaft h"

1 * _iffi ". 2_. "l J : T ' "1 2., 7

, %

. . .......' ".

f0 It~

160- Ito 100.'.'-

"PFigure 21-4. Area of operations of the Air Rescue Service
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v i..lial, ltid lo al.ld electrolli" |let (hods. Iit addit \lo ISeca, try to coiii iiiii ,.iiat. v ith II iface Nes-

to interception, tile rescue kiicr'raft call ltellp by sels in the vicinity and advise them of lie distress.
providing sU('h infornmtio, us preva iling wealther, Use the d.istre.ss frequency of 500t kv'. If practi-
Ii I.,tirumie It appjroach and let down jst l'tst cti , fIable, prI'cede the di st res call lIv the a1larm Sig-

db ildl~ilty of eilen elic'y lading areas. best :ead- roll of twelve 4-secotol dashes, wilh intervals of
ing for ditching, ietc. .14-r ,he- rt'.,-nu y,-.'te in, ang 0ole SecoII b)eteeli elacIh, ulsilig tIlle eni.issiolt. If
tie :4h u/,, ratiowntd f•'i," my (f your aii <'raft h/• ( ircuilist oli'es pernilit, selilrate tile trat sinis;iotl of
beeni intmeir'*d. l•*•nt trat ui,til a dire' em-', '. my the full di.t lre- cuall foniik t lie end of tie alarln

ham (1, dieloped. signal by lilt interval of two umi iutes, buit aillways
If you axe In difliculitv or distre.ss, you should Setid the ilistress 5igliii S()S thitee times iniiedi-
1. °l'tix \oii' 4'F to ciiieller1l'v. atelj% after tie ilatlj siglxil in• orlder ti opinrate"2. end inl ailopl'iurih) dlistre-s or Ud eNcy altlhil itlca 'atuts. Mlhich may depend oil tih

I I I I ge. dist less S-igial for act ati ton.

(olintat'lilt l*aililo fauility, sililng niot'iial

rO)ule or II ,~it.x . fr'eeiic.. If ? iu ,lft utc" SECURITY CONTROL OF A I R
elititiiv iiV'\Iscile ailrcraft. add tluhe phlra-e, IHE- TRAFFIC
Ix 'T INTIEI('CE]TIO) \N -,tt(T.TR FI

F *veI though , yli ldtio not r'eqiuest ilI-tevelt lioln, tlhe Il c'ase' (if elinY airi attlak wtithin the 1'. S.
AR a-vlly i1 V da i 1 :jit'll ililitel'cel)t ijir'ifL is it \Siill ie liecessaxy t) •'h~it the ail" iif ixii aft

it l'l Oietu iOn ial'V lii i , niftot t\ hlltili7 all cII` not engaged in cotmbiait flights , iin (l e itiiinilc ltc

t'lilllt~iiie4sl 'l l " ýa 0\ et'. l"or this ia itil , the Seca-
Nlaiitraieuilit llitin iidii t(itlitct mwitih the rit ('ottol of Air 'l'i'taffic t•('A'I') regulations

routid station alid stal idlhv oil tile eliiergelnc' 1 h:1Le bpele issued. All aircraft are requited to
Vlif or ttllF freiielnvy to] voice contiacit w.ith giiaid al t.A i li :t voliili'cti iiii" ftoi r lt :1 aoil-
tile i'et'lle a iirI''uft. Keep the gioitllul staition nil- t il toiwu f ret 11elct'cv at all titles. li calise of

v i .e of \ou r po i lv(,Igi e a td Cil id o itions until radio ei'elli'.. ,('AT dirti've. will hie 1oadttlt
i•.iilt, Ia is etal 1 ;ish1Sle with hlie res.clie ajirt'aft. over these fl-eiueni'ies. %,\ ] F ttlighis will gener-

()ic iII contact with the rescue airciaft, cotply 111N lie ordered to Ilitd It tile Ileit.LSt field. 1FRI
)ecw'iýtvy \\viti the resClle piloths I.hiit'litioliS. tlighlts will pi-o0C4 IL Il.• te'd b`! .ilT(', but may

I'poNi lequle-4, tlaisiiinit a ignlalby delnrezsiiig exjipt dliv'eri lnIill to il ilti ialt ite ill 1iii:11 (050V .

the VII V ,ir I'11 tonie s•itch oil the fteqiuen(v
Sp,'eitied by the 'e.-c'te pihit. 'IThe illitiin! signal RADAR STORM ADVISORY

,Ioiiil lit- hil' liiiiliite hilig; trleteafi, It) .sectids SERVICE
]ig "whtlin leijiiestel. ITinisiniiu .Siglialst Oevey

So 111ii iiihte, if \y(It ciLIi'l evtalilish c iii 't Ox if l{:ilui" Sttii'ln ,.ilvi. 'ir\ ser l''i o iled by
It t'(llllllli li'il ate lost or nill i l e. te A tr I)efense (uiixixii:iue I'l ' .ili l s it 1 . "hlii,(

'llil" fluv I1F \IF raudlo ci'llijiasl to .ti4 or staitlions 1 li.led in llxalf:lcs. Advi•ories Coil-

1 kr of iliV othtet freqxixity spl~e,.ified t" lie ceiii " severeti't or mtiiii- areas aie availli il l thight
-'i.' lie uiir,'l'ft o0 li'otilid Station. elay radio up1)oi rcquiý;t.

r'iiilpNt" hVilg I,,, to tlin lek.ýCite ilI'liotf iiid, if If \,l ititip l I'ti t' uioi••uhiiih-' ,'l'l', iithill i

retquest.el, wlh' lhcailuhlixg to htonie lilt thit' es'e iiid \\;Ill i'aiial :il6 isox ' Nil'v r 'i', I 'illtii ct' the lienear-
n11rT iafi. N•lallitain l a vinlanlt lookoutl for! ilh.- v~t CA.A. C lollllilllict'iolil. St4atloli •le'lli )10 1 1\l'

I'e"s'il l'i'('i:Ift. IIgi•'uhixug p 'rtic't xllliics or tVtu Juiusii i lk'(( \Ilh i idual vio l nto)llih 0i)
i)li 1:i1,il1i11(r liti x I l jii st . 1"1..": Ili' ill `41_ .; lit fii " :a c'afll fr fiuii lift' uiiaui'st

It % ,ii ;ir ill :ill A I anZ itlh r i'itt eu ib si inhia l -tulltol .\il' hi will Ill, fiil'lii-liil ,i ll he,
'ld i,) t'ilil~ i rn l u o l If il,, ý ,\vrill " u)f {li-l l 'v \\;:itt- Ii I I

I'i lit. I t [ ll' i u• tlii ht , I k iefetki.,t ( i iI1Ii ill i, hat' ;I ti;- I ift lr Ill I ht. .\t 'I i l e tl , thl., ,ifi-t

,SV iI li" I. iiig lo f hlf , , ll) l-xiii llt.g-x ' plitlis, flighlt liii ill llil o' thl ouii ghi 5Ildl' ;Ilia, \\ill Ill

21-8
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trui- li fril k Ithegi, 01A• til.,-e~,, , -l, I.M fnc,'litv. WV II(it - Ih,. li.ht palh 1 ,1,ýviatitol ifidic:t,1,r

I,,ar'. ,', : 1it ili"hes (each gril n q' l :e is 10 1ihIc's) (]i ll)l) celiterul. the ()0111iihearlilg t'eh ctot

f.ill ti lt rc ter il' zi-si,.iid 1'.itiou. 'lheu vol .old rv:l, 0' with the -oI-flo. Indi cation reade-

, u l ot thil ht ' .- pr.-e t pIis'tIjItIt and fl'omi, 'llt, IFli"t" (()I tl U, ( ' It tijl ,rin 1 l•l'c:lf ..llmi~ hl
'ill; ?lthe alil"..'l';a po,-iti~m , 1-N),i %)\xIll[ tilt ro-,-TI•,, It ( cm oli,' t~ I :,dtn II).

If till-; satil I 'Ili ii the -alIe ,i it,,, I e,.rI. [w ' ," Ialluz of ideititheati.u e ut--d \- it h the V\()
I el- ft ' r f r,' I' I (lI+ I wa r'il s Ig IIIthe :1urit sI. _,n J.gll )1+` 1h, 1 ,it - 1',d;k I1 11 A( I kst sIgII I I. I o s . it,c ca .m-., a (It 41t 1in t )11-'

.,.I,:t ( )f t\went v ...e,.t) , I t Iit ies i .It- ca i t,- r Iojw ý !-I r kvn ."tl I• ,f ,lt.ti ,,hir li, wi• lh ,r:, it +`olif ltilum s 10)20

I,Y idth ltiticati m signakt ls i ll th c. . Yst' ' M( 1 .M"" c ,'h tome iled tities the te-t signlal. Iltfornli titll
111,,;1111t1,_r "",tation V(-ýt Cocl (', Y() at p~sItIt'll as lo the idhi tificat ioul of :11Y itndi ýi(IIII itt t siý_-

N1 .' " "!, i, ,t t', A DI V i •ttlh . \ 111 .tll'l 1 ti--t 11:1 ,-t li I t, ol ti n l ei frontl I tIlhel' l ili,,': ll 1 4,l i ',\llrU

lI,,t tlh t,'ctlu~ll ship !,),-itloll ( VNIM ) I.Y 11m. (of Ii(tIf lt, hnit'd an eiot' chieck ,ei- ts mf l l (itf
grid it, ..,t;I'vk b-fort', certified radiial:, tha~t shouhld be rec`elvi', l ;it sipvrific

V RuE CEIl IVEr C Ei Ct' ItItK If SIGNALS:11 It Il p mlt, "11111h 1 t sVtf;wc tl M Vt' ý.pv'lit l; :d-
\,...+.,.!:-.I' WV-•, II ... II Ih,. IIIc,,~ c- it 1h:111.-',e im ittl\:. %\ 1 11 a -' m ; Irlu e lit tli oi llit`d ialtc v;`ic ilivY (,

tue tI"I! l ' tl o titllte, Ykl-hI.( I fit, uell.\' th ' l il l' tet sill . Itiet't VI'ir lrt . . olt III't t -le lc l tr '"'1Ilt• wlril ,l t
kol-,, i-lt tih,, ctutv,,lt . uplttl l•t tlt'lttar'?" l"li,,.hl Ilnf,,r- c'atifill -tatiol, (w, airpo~rt Inll ai•. orI foi-" location dle-

n ,tlI l Dm . .. . . .t. t..i.'. If p il find : erro' til x'e..-: of. -- 4. with .
thev --round chuck of -6') with tilt airbo~rnerw,.ck.

VOR RLCEIVER CHECK SIGNALS ,1,,l1'1 try V011 fli-dht %vithout fir~t ,-tirrecthing tihe

" .0, ti~ t - :1tt' pro l l') i ed fort c.liectkilt- lthe acit- ia(l to I% Y ut II I .I>II I 'col't'1'('4 t h I tII t ,,I 'llý, ,1 t-litl I w fut'c-

i'llt'Iit C V "f V ( .)|' lrek-0 % ele's t(I I lýl:-Iliv zz 5 lll wfllt i V I!, i'!it 1 in 1,~ l I tR :".'t w e r•r n t o
o w rlt, loll~:, Of thle 11 it'ol lev ,Yst (11. These~ prtvi - t.oll-tlallt at all1 t illes lir till atll h~eatding anud hear-

.--i il-• ., s-t ,)f three, ilh'l retfl liethods : I ) it rat 1- illýý.k , ld I III;I Ilt ,m s.
alt'd Itet ýlg,• itl ,consitilg (if :1 sigsnal 1wa~ l a : "2) 'I'lit, ho ,atiow, ait which eunch ty'pe O~f V'( R re-
"I.t, riliedi clivc+`k pl,•ntý, )I thet( airport ý,lrtl ;'e :tand c ~ rcheck i'< av\:iihl v• ore llý.tv, I in the c'urren
3•) L'it'Ilhl :liho,.ne chevck l.mmits. Supleloh utlkn? .l ight ]nlf, umiwtifm D wl),, wu it.

'IlTh rildiattd test signlal iz (used 1) tullin• I, heek v'ro "N'O)l{t ;Iregular hnter\alk. ;tilt] if pos-
the ;'`_.eicr to tilt l I)III.-,hedI frTe It'tWY" Of file tt(-t i.-.ble. ever.'+ tliv~ N'oll t aI ýt ';n e; rt' f.

S~21-11
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INSTRUMENT LANDING SYSTEM (ILS)

IFl dc ll I 111 1 % 1 1'

,o:- ' i ' *, ll . :I-, . lIL I :w ,f1 11! ')l l il i |'icl dit'')vvl iill ,l

iOi

GROUND EQUIPMENT h11. ,11

IFI

,i: , • ,,• ,I • " '" : " .. i. •1, ! •: I!: . • .!, ,,[ ! . Lo ca lize r
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LOC11Lg2P1 POINTER

Ii~

FULL SCALE PFLY UP

Figure 22-2. Cross-section of an ILS boam 10 miles from fcied, showing approximate dimensions as
related to cross-pointof ;ndications

of thle stv tIghti loistV ti. With this type (If cetitet line of fill rlIniwaY. Its sigmiia is kiv'ed :0

N pmlth, tilt I II!t iliiiieit 1,:iiidiiig S.NSteiii Is iitiitlnllv t %I) llasli(s pier secolii.

ie i.t ;takvoe r (a nd v111 let tfeill-Imidhiin visuiiihi. Proi)iiiliteIV broet v 0.8I mLX idi, 4 'ini fill.

;hl~~I.i f1mllte glide j):tth lhis Invl deviileo1(ped ruv1 * N.t andh %%IIIt iuft1 .2,() fee4.t o f t IeI k.,
N~hichi oulI~~~(it clost- t, tlit- gIIJIin lhike file tvtitiir1111a set iAI.i Of ;thtertuitte d-,h wit

o it l l :0 un i:ift ilimk''s ii at fill]-, titoinitut i. 11"I' u"1411- r // .IIIt'

muill Iml~llhirg. )VIth this tpvj of piodh, flilk akUto- 11iuiuikei ( %hicli Iý uses ull )III t'i tvliiii -I
lIslr ll. lg l:11 lil- - I II hv ~ h it Is pll11iuehh i~i'tlilhi ioie') Is. phtedi f.oii '_2.1 to i. ; 'v*i'I

Dustance Marker; i h~~ie ie ii oaltteiukt

fI
Pi
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• " " I li, ' I,! 1:1 11. ; l • r I ' I .- I I - ? l ' ~ 'I 1 \ ( l l t l i ll Iw I l i; ~l,\ I M , I '- t ll I Il l, 1 ;, I I - . I .S" I, ', ' - lV UI , ' "1m1 1 .-
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;l m III. 1� 11::l \4 b I'

-['IIi t,-. II Owli. i, Il:If:I, AIRBORNE ILS EQUIPMENT

"'"• ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~111 \%IwI ,II. Ih,./ 1.4:]iil.lllII ) l,"'I,'
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ARN-I 4 Receiver and Indicator let ter. 'Ilie Eadti iiiIec"1liti1.11ttill Commisson for

W11011 t he airet aft Ilits ARN -1 V(R I'l- AXeronautic lis 111 IItIIi)Ied 1 1' chaitltels. and
SIlIlll.st h neflllel otth'f'tte,' tlivsý, muindihet appettr here. If yoml IILM enliti ol

Ill1.%\'.L s ilrhito '' ( except fill. I 1-'S ilwst:Ill]at lol1s 1\i(-.\ lolls]yIt~ii'es loweve byes the leterapearin ~ll'
w~hicht olwll'tte t~l ilt p ase'l. Wlea voll tulle to lilt 'ittI &ei iiu v th e g I

]I,'-% ftehllll 'ir v 1id the ide padth is'il~ op p iltelthese.s tifter tilt- WI'('. Imillbrtt . 'Il'e~se are

er lyenid prtoperly ttitled, tilt- glide Irti1 I five*'le tile Onels otit the contrtol box slhlIW% itlt Figurie :22-4.
~~~u- ~ ~ ~ ~ P Adat lgsoidiiaei'mt~ ots \llloi Ittetlt of tile volitlie ('Ilcontrol oil this conitrol

OFF f11 sl ouý (lj- Ill' e . (It Th\ou s I ( llttt'lt v. It l \it- Io lizef Illltilt, e mi ' nut! six

'Ifth e u.S frtlotlt oictl theID-249~ '-,% it-' N etre a it lIC- with aflliltll the jlele Sel~l. its it~u s ( v.1

lull :iltv~~s ll~ive lllltr-veiolI 1\leiIl:llo1.dhlt if -- - - -. Il- . l.. . . . .- six

11ec v i t I I., m ilt- .II. lst' ll:l lhltl vxatNltl t 14111 II as''tle-I~' 3.1
Slittle ~ ~ ~ ~ ~ tyid pathi;t lOISmel ure (ili \O11. llititss fthlllllllims. 35

cor e t t V (l t- ' R i t~ lil. 11' lde jeIll tueilc tist rot- 7.....................................109 7 332. 21ig a

Itl]lti. I'ii 511(111, \I~tll tiCe 'Fhettl of) 'ill' tdol- iLocaizer11ml rd ceiver '.

If~~~i thvog -(f ttte litc!:lft.] H'aii llll-21. 1iii o') the ! lli 33e'-

OlX It WR1,eiver2s

.'elt-clol. ~ ~ ~ ~ ~ I llm .t e l eI lig p lIfte. \kI' Ill ' g ''-ill(-1 S 333

I~~~~~~ 108 1" 334. 4~~ b L i . '4 I . ' '

pat.' I it: sif (l 1, v' i sit li'll oA lit, .Ill er o I I hel I II d i F o a i gur e Indicat ion lc lz r o to

IIt111.nsI Ie I ý6' I I It Iv IIw ~oit l llt.Il ;s ie I' l l ci II el (vl-. c I joI It l.II t iilt s ll-I'
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t,,". th. \ertial liektile 1s, l ihth ltel I11t, lhe ,iu,'T Ijm Itv,,' v full ale l fl ttt n tilkv
:IvtIa ,,f the ini,'at,,. If I ti ;i Tl tft V. tIv i ul In - W 1id G d livat thw aircrnsft 1ý- .,2 ()u ,It '.
filt, .V i.M .te'tti, (if fiw i ti t he dleitt ti. f tbg it tti. ( if til , -te• If O t IM (ti , t i, l ,t f rtlo I t i Ii

de, h~llt-,tv.it ilitt• d ivt x'k'lo,\ tal'tv: of tilt( lilidi ~t'at wI' ýca~tlt-tU t l v'.'-," flit -t ilt vil'r f, \\ill la uld w l tilt,IV le.,lit- tit': t -it v ,iI V' - V. , thei I Vt, Ih ru •\:I V.
1." tc 'litrTe . ( ' -•' • ,2 ,

IVh, l| thV mi-'ralft I., iul,1winvd (,I thet fl'-llit Glide PathlIndications

1"13111 0,•l ,,litt,<•id oiu the bac.k |,wam~, the' nvedh, Th'le :.-di<.h puath i h,,i-Z~m~til ) pill+ter hitddi ta'e-,

flI v : Ial til t' d IIt' t't I w tI t' I tliItI IIVISii t it' 1h' i' i t i. I Vl Iit iv t Itt't ltir I it rlu t ilt ' i''
I v : 1lt t li. h ,,:t t . I': I ftvlh I' di',t' Il,, tItt I\~t\hti it' I IV '-- I I 'tI . -p . t I,, \ t ht I iv I I h I It- I , t

"A,\'lve lil ' f li r tft- k iltl<ilb llld ()I thut ha,'k- Ilhtcd~ ,W r l. i t'Sve tit' •.+.
1,.11it 11'+ ,II)ut ml"u I -m I+ l i(,. fr,,m t liaum l, viir-ing jiý•T , paih ,t ll , r. , I'- mI wI[,h - t-,, tl,:Iul _

It '..+I v ]f t,. ; |,Iu lti kS Alhelec d to• ht , he t.' the h ,loo .tl.,.,ll ..Z.. A\ I \:l alm Ilw l \%III t 'h" t-'

th'' :;I1 ")'!:ft l i~l+ t , I t ll' ttzvi (' to tilt( let'l to lv+'lch thi, tliclt' ivei le'd fl-m+ll full 11l) t,) full 4I•\m il, "l' i 1iz:1l+'.-

tt'viltvil" (,f tilt- Ihteall). "l vhi-• i d.V o:ft lick 1t~td , dt.\i- it liwt-, .i v to• :tligil flilt- tikl,.i~t|t \(.t v+ litu't' ll'fh.]\

:Ili,,ii N\\htpi ,ii 1 it cmi~ ,,' ll t , ý,i> .1 x,'vi tl .\ tilt , W tilt, glide, '..h l v %\.. T .\ \- to (I(- thi. j,. to• g ,.l
:-;HlllW ;tI, 11W* 1.v v1,'ti+:1 \x •,'l l •,'1 ' lpv .- \%!tilt. fly i•,_. flit- (xc l i , flit- -z +h 'v -,,, 1 a till- lipt, il~l~iill ( f tilt-

,. ilV ,- l 1,f ai V• ( )I It;l i .'. Inl flit- 1,]11P a-,',t,,t', al~ ~ ,+, l• ~ ld -vt \,"Ill i t .< f +I'. ', I vr~ ,. l lId - -
f,•n ,'x tl~lp 'i. flw 'i~t- de\ I;It( .')Ii :lelu \ t " pl lfýilt l + ju>,t'd Il fi t ; + S t~i\, () it.1 , pzli~h ' thl IV 'f,,1V %,(Ill r•tl I()()

l ~ ,v' .'l'll '.-- ,,4 hlt:tII1u1_r. :111d ()IllI\ i llc t he. ti lt. f1 , w to, Ilwl" 'tllI\V~tt . °1'() i" • Itv m ,l i~ t 111 lvt", t-
,'oltz'"e ,\-0,1h[id hv l ft if thlv p•lant, \l+ . v (\~ 't 1 fi~v t, "Ilid,. fit,, flit! glidt, path•, litta e mlyh •t\ vcir', m illinll I•W'M TC.-+"-+

t, t l,• fhielId.

YELLOWi

>.-

Figure 22-5. locolizer irdicaloo needle action .-
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-."

I LS APPROACH PROCEDURE t ioll aw tilt! .tat oll freuiic-nicy lil([ illbolniid lieatili

of ti hle ealizer eaini trolti {aidfaoes.You 0 will tind tile infor tilitioli Ilecessitry for then vlu r.eive ceartlice for th e aplproach,
pIanning ali ]I ,S aipi ,o th ill lHadfacs, and Ill i t- d the fx oil :1 leadiitg -that wvill ilitetie t tilt,
st]hm i knt h(Xitlizer heatl as indicated in the I1.S (hart and

An 1llS appir(o'il reqiuires consiherai;he 1)lam- isspletitieil in tile chlantre. At this timte )l'iuir

iig before its exeoution. If the (etitiltlon has te crss-poiter nto tile normtal seq.uenice of

an I I,S facility*, tile airport (iligrnit isSho",l il (UtI. As .I1(S11 is lil ie St il'it-; to ItNOIe a1 s_.

lie "Pilot'. I landbook.'" I lere the t riansition from from its fuli-scale deflection, interpret its speed of
the lil't Iradio n i:\ii:ktiouitIl aii to the 11Ž,' IS i•hon l()i\'iei t to d(!l( 'i I'll) t lie th coll'ct tinte to st:ait

Ill detail, mi d \-,It I will V i i ll the coIlli'l- to Intercept I. i l tile pillhlilltid hiellt ht till -.• c ll t-te

flol]i elthi of tilt- fixv, ill \wlhichl `Oil o nay I•t hielI. for anyx kntownt wind. After Voui c(onmpletel tile
N.r\-olv, .ou will ilitelvept the loc-alize|" Ilvalli till'rt detetinilie thlt, position ()f the airtcraft ill Ielk-
aIftel'ill-:i •Illg t le unito 1ai1ge stat ion at tile detjiliii tion to the )ii-com-eli , aniLd maiuke tcillectiolis iii

tioli. Ill ill cahtM , (if coullise, voil llU.st ohti1till ;itp hetading if tetesSat'V to celitt'l" tilt- |ocalizer needle.
i'oval ftor utakiuig lul Il.S apolooai c froi't tilt- It'v- If Noul make the intercepltion close to the lochalizer
Spolisihhle li ti ahcoicontiol agel('y. trlmnsniittetr, the localizer needle moves too raluidlv

Itl tile saut, t'harts you w\ill lid tilte physical to allow you to mhaike acceuIttt colreitions. Iii thiis
.A'tji ;and crlos-s.ecttiul of tlie hlovalizetr awil glide 'a.-, hold It constant Iheaing lulltilt the illh gived s
ith, I,.oLlWs, lo,':titll l of tilt' Il .i ,c -; tllo col tlass ILS it stitlit'r inditotion. If y'ou miiake tit ith 'el, -

locatoirs, :Iltt tilh ltituildes t to tly , ev FiSee P.' i tion it it greater di.-tile, the it iviet ,nvv',Io slowly1v,
22-'7 and " -,.•., You can obtain such i forniia- .and it is a simple Itmatter to r1,] ouit in the onl-

ONE DO!

DEFLECTION

/01

----- &]~ -' -- �--- -j • 5 //

I. ...i--- ---:- Q- - .,

N ORMALLY2

Figure 22-6. Glide-path indicator needle action
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Figure 22-7. ILS approach chart
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l :l~l,},u'. , 1" •b':::',' I- !,, I 'u l~ l t'd . ]P r,,p•;r Iw :ill! "lit, hil d:• ;lpl r,•l,'l :ll l~ l,, - i, • , • l ' ,

t"fIhl~ W in illz l,'I h I.-,l Iht, II d lv -llille, the. c.v lct fi -rf :,1,,\,. fll- I vi., ,elt.\'Iti,,, l , .;I ll I I'i fl ll.ý il l ,t'i..

'I~liý' -011 Jt 1 \Lilt):'it']'Ili Iti (I WAIi 1

l, , : i l: i l ,, i ' ., , I.- , ,l ,'.- • i . t i -- it; ti, l - .I , ' . ] , * , • } ' , -•

l.; ItI I d • li , w i. tI- (I t I ',•,ilt ,d t ,; v, , 'll - 'ý ;i 11t.l t\-u 2 i!lli.t:Iti,, i ,l' '' e l it' ' "

] l , : I l,, l.. I l'le p •il' .1ir ý11.mlll ' '''~ n H III, l l] ' thhe 11 : 1 ,u I.''l . l '" ,, 1 ,-i ll r . l : -•i ,_ lldm cl . \ , .'ll -
•,r ,•,,,' ,,1",, l• , w lil' ,,u •. ll i ttr cv,. I' lirw)inl~ m I h ':ll , . .\-1cf Ill mlw w I1,.li d,.'-c l,: l e . •> - -, ~ ,

(,I- O.',,Ii
.. ] , :, I : , -I , ,. I .\11r l,- I,,. l,. , l , • ,l I!w ll,. . 'l. l l, -1 , [ .11O , d i,,i11, pl o lr,. •' ' l,' f ill , •'' l '." I CI

lit'11 (d i .1

i,•,. v m :, l In ,- i , fr ,,,, fi ,, . ,, l,,i ,,, lmrk . u ,,',I mi h,, , fil, I I',. i', i t, .r,-.l t I , . - l l . ,: ], ] , ,- ,, , I , : , , ,,

d i-,. ',, li lt-' lim i,,' l , m-,: i di' I,, Illl,:• , :ifi l , v . ,, • t~ li ll2 f lit, li ,, | : 11 11t-l :11,'1 : tý( ,~

I},,.~ l; r , I ) ,,I'I I I,, ,' I . . "I ,, ',it .I I , t•,l . I, , , ,,, , I I I l• • ' . .I II k. , , :1I 1I 1 1,. ~ i. ,, l ,

. ... Ii r III m m l

a. f ' , i ; I l i " I i " ,I I H 1-, ;'. t, cli l it t) : l , , I/ , ! I • I ; I 1 1 1 1'I t I • I i• l lt ! I lI l I wll ' I

el, ,L • I It,,-:II I,-,.

•'"'-'' ' �'i" "''"'' " -i:l"l""l;li"" -- - -- 2

1,:.ll l i I,, ' :1 * 1 -•' '11 --'l - 1 1 11 1 11 1 t rI,

I !Ic, I I , I-,'I I,.f w t I,,lI,% i,. II-it,- I I :I- c I I, -v

i~ l ,I Ic ii iI ! 'I I 1 ;I• "I I I,' I' l lc' ' ý r' " 1 c,,'.ll ;tr i 1 1-ll11i1

'~~ ~ ~~ ~~ (11 PAli 1w [''h it," •''II .. ... \I l i""" '''i .

it• tii :I IY,, II l 1111o :Il M l-,,I .I I'!.

ýt~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~~~~~~2 II,-91 !Ht11;ii;f; 11 )ftl-:11ml l :11 l Ip

p !, !I i r l l I i ' ) i p ' I .I I i l ' , I I l 1 . , i t ' l i t 1 1 - 1 c l
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A\ft t' I I l II -ll il, t t' ,c lrrvc't iou, I wt - 1,,'', t ,1 le VMit 1,• • tit(uJtC u1 ftI II I th l Ith l It ,rI ..•-l )m ilt t,+r I,+ 'I

% v 1tit' i- |I ttlw iilditcttti r t d r tttitt, rnlie IwhethteI I itlI r tt il,,to tile, c.itter. Thtien vcltnI te th .liv wv•. tltit •t le
flt t t'liitn ' ill flit, r:t1I v if itV cent is adel 1natv. tw~,:ntI" thI e <4 l :I I I', tl i( t't I t n ) l e 4 lotil I iv iitl /o n-

I,'( r ex;U i~ + III p Ie, If th, l i 't, 'llt-1:ft I"-. d ,I-,k ,' l,, I d I at 'llt kIIe t r 'tt~ : hio %,t", 1'r. ;111 w t I-;I th,- I t it l edt, I a it tlit

ittitl 1;It tt"f 0 111 film anditl t lii, t, - l, iitl It 1 ne ilht, lioriz ll bail Ill( n lti lle it 1 .1, int'-It,1 if Ilit, olgitllal

d t-lltctil) lI fo't.r e t• h ii. in pitt']i ,h In: Il. h leInth, I 'v I t- t, of de,-t lit of :,- i filp t ol, tl," , rti -
'I I allgut lIilt, Iit 1.-v lt, I litdt m,. thlktt t I t, horliz..oll bil: .,-,speed l d i ch'tltr. N I ilt IIItaIItlivt , n ,-v, ;ifIIt lit u I It, ll-

l bt o tiutut tiM,-Iualu f thle %%ithih f the biar. ''hien Iii ti' ,.' s•,i, i ;Itt i il- i in tlind catt- th- livetdt fo•

,I )S-tili tilit, vett it': -I iltet'th il iiciltt ri i it shoilhi Ill- :tit hllt .Ct '! ti t It'itii.
ul,'lt d o-tI~ ,+ t f:-,, :t o,:• t ,) it ", fl )II. .N|:t lil~t il a tII , V I- 'lr ,ii Iilt> - 'u lh \,1+ l i -e'ý~: t f ,v l.

Figure 22-8. ILS procedure chart
t<, t t.i ,.1 itI+"

DALLAS TEXAS , "

0 70
r A3 3-

\ '

Nj

ILS PROCEDUR[E

• ~ ~ ~ ~ ~ P It1u1 411M+1 •+ lI:•e•IIi 1410•

-•.. _,...

IPPROAC END OF P•UNWAV i* T.
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i~ ~ ~ ~il tl kdo PhI,:th• 1w•:1111 i,-ll~u' t , sl v: f"1,,l,, ilg vr•ll, s •t\:;il I,,. Co<)itmlllill- the, :Ipllgw•, lh

I Ch I,, It /.e 1' 11 :1- 1he )tri,: l- kl)V A I 1 1 ik t q~ : > I 1 1 111I i It, Ir th I-, •'m I I I II i • Ih .I I1:1 1,, 1 1h> It If thI IIiiz

t ill, ItI I I I I I I 1 4 1 111h-1.,l1I I.I it I I I , n I I I I, I I ý. I I I v I s lv I I I.I:-'I' I I Il I fo 1 1111'111 lI I i I I I I'l- it- ;I I IhI, ri ):[ c Ih ,

!I~ t1:d I q 1~ili• l 1,Ih." : r•- ;t' , fill, pl• ll w lm lý ,, k il. .. :lk t, ,'t ,flit h, I '.\ .( f l c k hl III" ItMt1w; klat ( II),- if,•.i h,

iit tI It.t'I tla I I, *hI. ]'ho lU• - , t , I I i t't t tIt 0 . 1 I II 1 d,-

i l I t l II i h i i.t t I'lt 'q I I It nt Itti , , t','' --I S It 1 r1 -

d.'. ., I re t1. l .' it-1 w I'I t-v Vi+ t ' 1 ll ItI'11';li' ist lllt lli't ;tf ill S E D(';t 1011 iS ;I\;1PlRObl III it10 "PIIhtt'S

(+) -+' \' th ' Iliti]]llll ;L~ i~ |!l2 i-1';I I+1 a " ]lI•,,l,, dv" ll, i( hll'v - ;llt, 1' ý l{; lft { If, dh w

I•,• t'•t l. f t l(, atll, ;t ft 11it- I[,.[ Iq •,+.'lk |l M t o f flit- o ul lt'l I~illa -.tl ,xl l ,t JII L: (l,'l t " ;111,1 ;tfftt'r +|-. j. it

311d,'l- tl~ !l,., pl (i,t vl,h . ýl• l, (3, 1111111', fli~t, :11) q•,t l, f ~liv t l ,)t:,'l ''~ lt d ivt rotllo c'tl,11l);1ý, l

I'l ,):+.'w l 1-'u ,1\\, lilýI al ;l it Iltde, lIto -Io mld, •'o ;I t(tefiltlltký lit j lzt ll!Z ' )f Ih I lk, 11 ti]1,11ký l~ ' tl~ ].,•. I.

;i'l I- Z r ld i,.- ll - . i % II a - l n 1 I f l ) t f : t ll~t . [ 'ýk,Iz Z 111 t, ,I() , ; ll.) i t':t l, )l lit".' k (ý d - .t I- la l' •) I .. . .

I \ tiut It t z t' [, ,,Il---.. Illuu ! Ali' ... i t- h ). : I I mll, . ], :-iv i',,,c ],ti:.- It i m, l fý i :11ho p n v

l-t,'+ Ii,. It~ i.t~ t)l., P-tt if~ l . I:k~ 1,••- z ,('lI i 'lt,, II V[.11 I'

t,.1 • , I t'l lit'. 1-I,, ;t,','Iltl';1 . NV I I f .l }itlt-.II' l I• t hl~ t'l t ll.

.\ 1,. ,tiut, it,, ih lt,;:,,, ,+htzt~r.:,,t.-M ISSED APPROACH

Nfliti ,t | ,itil, ' I \ ,l lit -
% -f, r ,t +I k I I-t ; llt - ! ,• :., N, + -i h ,td klmt ,,~ ;lit I, lit'. ,,i !-, ,, I ( C'! ,,l.. tilt' ]I - tll +,, l ;Ijl Vl ;I(-:, lI ix]'(, i't' llll k' Ill !ti '

•': :tlttttl~h' Ill+Ill flit : "] It ][:tll(t l,+t~ t+" t~"' ll,• I] ,. r ii~~ .I. g r,:,t ],'~ t, th (.]'t '.." lt|'

i •~I t Iitt- It Ii, Itt'tl rlti<:I I u. :1 th- I +++t <m t" aI- .t ttlilý ()a, c~t,+;~ ll 'Fill, tI H lt. I,,% l'it 11 !)t( .'mIlk.'

11 1 VI+'t JIMtl I Ift.% f~t'tl fi 'l( 1 1 0 1 tl' ]+ CItt.il II-.I,'r ltt t I Vtt. t lit', I''.tr t, 1,U 1- l] :11t, 1 1 1 oII-I.t It I -IS t)r tIltli'

( , t ll i,' tl tli ,,,l ,.r .-.t,t ;1;1, 1 N\ t ,' t ,, Ill,, ,x I It, II;It It f, 1* 1-'.. , 'l l 1tr 111 ; 1, It• l ' I w~t -dll v'~ r 110"l ilk'. ] lid lt M ] t'',t

i.i
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AIRBORNE RADAR IN WEATHER FLYING
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TARGET BELOW TARGET ABOVE Iig wvartin111. 'ltirdl,. % ihll tihi., data, radahr fixes
AND TO THE AND TO THE RIGHT make it easy to deterinine tra'k and gr .ound speed.

LEFT LETw~o other procedures arec less generall2y knowil-

A 11I tile use of rad:i. to fill sill'.face wind over Water
and til us of ra1diir to ilitelceept a target. when,
lie wind is ukiown alld. In IIme cn-,es, when the

-"lare Is iloving Ia "in ulktown direction.
-L- . •,The primary :ind easiest t~xiavlatiowil it.(e of

,adr, howeVer, is to locate a poi)nt of landfall, a
- - o0 all islald when lhying over water. Car-
rier iirsr11,ift u1se dioil. radlaretenil fol.rleich-
ing their ta'get- :1i1d for retuln ing to the ship).

-, , 1 iFther tile fOrw:1nld Scanoning st|cIll se:alich oi. the
AZIMUTH PPI types of equipilelent will perform this

Figure 23-4. C-scope presentation, azimuth vs. filictioli.
elevation Target Idontification

tAs :I wivigatti-ial i-ztrunilt. the 1IPl scope
h1:t throv\ed highly \'ersatiie. Wl'hen ulise(1 k, an

Fl',_d•,i•.'2:- :,. '1,0 el m ta e his litte. tilt-glil~lil 'IL. .. i- . 0 liI~il~li ths liil. te Xlperietn(ed upl~ertor, thle n:tlp iiiovided by the

stal't Of ti" .h s\\we p Is del:hved byv l velect!0d itlollilt

V(IluiV:Ilkeht T(, I Ix 1t, l It~ld . W ithl lift> dI'hv, called clearly ellough Io allow teteml to be used ;I-S pilotage
;tltitlH ' ,Ih:tu'. ihe 1lte i 'l',d ed Il) and l o jects pelints.
m,,!1.!, ttI' .t' ::i':fi :Ipt.:mr m ':time til t er!tl' Of ,di ti' of \%,Ilti alpproxim, iate a pla•:.the P plq i,.Ille. A~ltit,•dh. ,hl:lý i o jwitrforii l' :till water areas appe rfl, u;rk oil the s(ole. Iand
t l [erlh1 fi flh.tilm. A. : it i ( it :lv l. o f the dis- surf:ices. oI I lie othlem hianId, ale alw\ivs uIlie'vel and

taiii'e ii! ,eell tilt, l 'iratf 111141 th, grounmd or 5(0:I l)'e"4vilt Inliv sm'lf:ues which will retle,'t hlit o0
iehw. it c•l. hIe i lsied to imi'dalt :il,soiime •mtitlide. the Ieatmi. I,:taid. therefore, gives at buighter re-

Provi-lo, l•s a )o Ill ht. for Sweep delv inII ti h nliH n w:tter t li. 2:8-t;).
hi:• r iniii.iiiniiiin III olid(e to '- \v, a ilrv (itulihlii A: " rehatci''lv le.vel a . holt ::,o . t',t 1 Surface.
pii'tlll'e withil 'v tlill a.Illi8. ,"'Olwme (l' ilml lellts .'itai or 1:111(l, give8 its st-toimgest -etl lli. it all

o% e al~ tld )r de vlel: u1) to• a ~romil•,tteiv ;5.ol) -,gh of 901- to the .sIlufic. Tliw central return
feet ill•I ,.: v p (l v ilp to :,'(P) 1lII: in 11h of 11 Is referred to., Over hI(, :1ll "io iisoij groundi re-

Il:'1 • il l ; 21, 1 I t-lA I : III IjI . S.rt. s ' t 1 l 1 ; i(1 It ) iltI t - Il ql " I I I '1 , ()o 1" theA l)''tw e l, a-" "'ll()l'Illl;| sva le l l'l

Imlif dh'lalv, hunt \%0hl swctel tclta~\ >(ct at 21) wlvli ýe , ('oa:tlltie~s or islauwlk 11;1sin lll" r lw oi. pl()olillilw lt

11,41 p~i"11 ill tllw l tlS ulijpiltl t \mi ulo shIow 1't0 lli'hs clills or I~ll uhi:,,, Illte shlomelille iplpe;r :it lis-
f,',iii th, : 1ir' ict I.vTc n 4it m21 :m ii 4t l iimi ý - tn lllt -mngi :is :1 .f-ilg (f elomlgatt. Iei ,,lh .. lligll

rg'oilnd , alid li ,li. o.h-. :o id},lts give tile first

RADAR NAVIGATION ltlw,-•.
'! l .I :-,: (ol ulal'il n mhi• mtill'll flolll the se:!,

"Tl1l, lilst iliiuiil tlli[l -i 1 . f airulhim e ,'uthmr ill eXi(T*it ihineiv l Iei , tI ctt Iral , rlo•evet-, tihe
;it l-,; h . l- i;• hl ;1, : 1. : ,;6\.:1i.i ,] Vi . .I-q :It I ',!. . f tlk, a r -:Ll •j fl amid l till ,t tO t : I , . t:

' : l. m';:, v I..[ ,':- I llci,::g :111d 41, it;i'lt to lit1)ny tlcfl'iimirii ' t hi Ile o )l'at l lind h;ighlll :4,- h of ih s(,:

- f, 1h1('11 io, 11!OIt 111:yv b . rctili'l fill tho cfl,(ý11. Tl'lvr(ý ' i :1 >ljg hll 1 floll
,h' v~l~ m .l till ;. (.il;in-I 0 1 tiic ývcoi • •'m lldl '. :l ,it ,]h p .\ -(,;I. Ilu i t I,,lig h• ý.a. Ti . xt(-. .Sonnli-

1I Ifr;\-' I:l;[l l d d~l (i>-I;il,,'. 1(0 I:1(oI1:, r:ll'wil TIMll,s rllterl IlI(R'tl Vclloe. 1,:- 11~ :1 Shtip. :andI lelw ,.
!.' ,',•-•. 'liw"-c' Ib ':lr' !;ýý 111;1\ h*'i i -. t lk w v h' Istc It m l, vt I~lt ." I •,11 h1 , d lo I li lt 111c ýv • le lli-l' l i .

11I ON, 110:,• h"l -I;,, h., , i ll c" , h 'l',Hlvd ll~ a "l 111'1S '.2l;h 7). c liit M (]1 j(Iý d I t
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l]L, l l'•~ j l i '}|lo ,,, ,.] - p.: ll-tl nc, h l 14) l1 ',lt ,,, , tilt,>• hlt' 1 1 .; I SI i: 1 ..tri :it,_, 111c hI ll, , t-i .

p ilt, l %:I! i t t) tt i tt l, t'. 'i), V t i t-l wi it ltic :ttx 1 i T I I ht isLii i. r h elt i er ritl o I . l, I t1 ri i s l,)1' t1 it' 1lI--

A t, • + I l W tI , h,, -. Y 1 :1,Y" lilt till t fI . V -s ll t l : , tll In -

to 'rliiiol Ill. .i l -l -1 4

r -iltr| w id,l till ret;1ilt Ilic l:|r.g t . Y omt m~ill -,:..t :t Ii - kll'• •t it.-, •ti e-.,. i :1 1,i i~ 1-,11' . A", h ll

\', ':I( I'l.;l' c ct l m hecall't. Y)'L: u"L w•1 !. \ill, I9lk v\it'\'-% •, • ilI(;\ Cl' k' 01! flt',• :-III ,'d l I~t"k ;fl ll 1ý Ilb ), \,it III1,l

tio , 'tt 1) O W e p or [Ol;l l Of.ll it-l l he ll. I ll flit, sh. ifla•-t' fil :l.\ f. l i) cre-: 1,, a~•llftl,. 1~ l,0111,11..• ll l.

tl)i: Ill i11,1g, '. iti, •] P i; t , m a I', O..- ti ll-•I 'II; hliut' N et;tnr •l•'',IO I1( I Of -. mt ail.t l ýn . ' lv r~ • ,l e ' i

I I, I . ~r i lg l t e : -- t . -k uit -., ,ha t e d p e t a k - alý,: r : 1< 1 ) I r ] -- h t

'l'l~trivi +• • :; >..<n t ýO tIII '' I ilk--1m ft't n (li t v laild<, ..- ml, t \\ lit] it deep+I •-hallklw, hl lind+ + it. " 'lntvt , kt"l: rl

I'• X\ + t I ,AV III I'm il w-tlll• . o fi t-\ 1 lolli,-h l ret- h rli._,lltlv.-l (It' llltn f''m • n: hl 't.t I-. ;I o,\:1'.- (ltw C':r

111111 O f," lilt ' •t-lltc p '11 1t ýllfm\: :111,1 Ilh, l;11l-1 ;tpl wlý.: l ý-Il m vr . N\'ht-l |i t +t l -a l +l'rlh 11101111+t -l iu • l, t -

1;t -. If .kt .. 4,, i 1ý flrt+:-,. i.tl , I'l di~ h tile -.+ ,O " I~llt Or ,,] O' u•, tw, u ] ti ., ;11( I l,l h )f f, l i t, 1-t ,g;,
11, i • ,, ,,, • tl l u, .•:-tl •1 1'at't~ ,<. ] :l;d :itlld l+1:l.r . it 1'- aill 11(it.:tt1" m tll:it Illv, r i.,, f 'fl ie•tr

r;:l• l I 'It': .l I:- I• Iii . ,:: ;•l t : g t > I+ It l It l Il ; I I't'1" -; I I' :tl t I t I I t IllI I<tI lll I, kH 112 el~

I w a~t I~l tul l, < I" I ,, re I, t~l \: tito r : lI t' I '( list( I t- ''n : It ,, vtr i' + ).I t. I , t :t ,.n''+

I~l .+•~il ']" loint, | ilt' Iv't I i, i, ;l; -. "tl'tkv+ I: • <t u> I tao ." ,, t 'tv M Ip w I a- bi g h e| t,,l n Ol ll;t+',-`llt, v ].ihl .-`v ,I- t i .:

t+,' zIil:ii'.Z ;ln~ l '. "'jil, |';II' Iil" - trilht lqt- ";v't :1 ]llllt'h lr' i;l~teri andH IIIm IL't '(1:, i.-t'l 1'10 11 1

flI ý,l ki TORN •
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N':

'•"" Figure 23-6. PPI scope showing land-wuter contrast

I 1.i, -1; r lh' 1 i i'. 1 .1 , ;I'- tht'\1 •tsl~l] ' ,, tti •+ltr:1 , 1 At'lt :111 t ltt IM clt l vt er' t "\tll. hl~r l 'e•-, at ll l:1lgter fills

+ I" T't. ii' t .- ,l..eIh iu~ m < . v II'(It )il)H t fl tit, i';thmll k imtl dio wit:, relhect Im c.k.
A''' : Ih>ltlh, <Iu tl~l. their rlt':t!+',. l~Ill I I l -I l ru'•'• il at t ()I -';III be, idh'l~l iit'l apt rll fr-olil ftr-

t~~~~ : In..• -. : fli~t- ;tII lph l~w lHOVC- I),..+ Itr livt ,cit.k 1l'11t ll t m ý\ ýt v~t '... h " l *'l l r i+ • l i,(it the" till off.".,-lift- -,c in ;b< ' fi r \\It lthe all jtu' .

I ; II I",. l 1,i. 1-11 ()Ill)- •I i L rn Ilu hl iL , It,,IIlg . t I ) I- I vl'tltl thI I;I I t~u I e .UI-I w,.It-(td vt 1';t111. 1J 11

Vd :~ I l l - •:,, I ,vI lIt~ lr .I- t' I (11 11;I II I;:I- !lo t.. 4 -I< Il •U q . :r .II. Ia ;Z ' I- Itr :• • vf It •I t >

,•'" l '•- t'• :t ,,l t. t 'l l< llllec il . I' T l iv-. ,'~ l : ,' I I- ..4,' ;I, lh ' t1 r,1 tti F la l ' ( I t 'l ~Itv 1 : t1 • 1Jl, (". ]1,'s,'IH

cI :I 14ýj I I:I I I 1i I II Iv IIrIZ III;

Ai i , ' ;, I I -l I i', I : I l , Ir l ~ Iu t. w ý -I I -I :I t: I I, t Ir ;it 1 : 1',, Zv t - l~ tti (' I II, t l~ ' I Il + ] ] i- It (Iý <II1ý 1Im w -t -"ICift' isl. t - t i fI I hese I I t tlt' l :lI ll 1, .141111. fi. Il'lt 1llt h\ ack. tl 1 ", 11 1 :1

ii1 ; im iii

d'|ir, : i , ti:llo y IIo+e , l l' i ' sit:LIII .I l fto C1I,-- . lilt' l 1 t,1 iS tIt ' tll' tilt o
"i" It ,i ,'' 1t ilt' tIll :1I40CC il i t' i iiIll ll It i' t l tI; I l itt ,b : If '-

...i'..' .1 ` 1 ' '1,li i'l I'{ sui t Ij i ti- lge w:t- i i, l 'il':l,-+, i' i:t .I -'II ll. ti l ili I ](li'
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S.... ... : J.TARGET
-TARGET -

-Iz

STRONG SEA RETURN LITTLE AND WEAK SEA RETURN WEAK KicEURN DUe TO Use

Of LOWER PART OF BEAM

Figure 23-7. Sea returns and target echo

Azimuth Stabilization A\itlia zinii llll -:lliii/iti,:1ttl l, . flithe top "f ilit' s •-opt

:I tith stll- liizitli is :lV~ihill,. Will tl:it'•'i- Radar Fixes
tlttilst . li•. . t lil till o ,.h .lt 'it, l 1 1, ,1it i o tIll -h litvw I' m- lil. ic itiv II:Ivil,,ti, . i t,• l il,

fl. orlranaI lined inon PPI scope nl.''ie cp

I i t Iw . ( it , o It lit ,llI'. Il .;1,l 111(I' 11, 1 (' • lIIIIIl•;II II" II" I-i• i t ) ' tlI I lit- I ,•;l I o il c n Ille w 1 1t'; :-ll '. d.i'-:n llf'i . ;wl dt ;IZ Il11 l wit I h

Ill; ltl Ill-I ';•' p ;Il1 ft.]''l 11•: o il' Ih li- ýmo w I I
it,, nv• 114)(k ll, l"et*'• fivi wili, Theq H 11 ,1 stol Ill.:l '

I, I !w (1*• 1 "1,- 0 I1 • •'. 111 W11,,, 1,l r ' * l 1.ll~ 1,' h ,I- l• •Vld:1L I.H III' N%,•. \\i lth 1 1'1i,,, •'i

\' 1ii' m~l 1, 1;1, ,{tw ell .'-vlI ll.

|It i# •:l.Ilvl'r t; h l\ ig.:lI{ ''lc w o]lll l- :•~ lz • i I t• acrc:I (llra;lt(ý 1Ile ]Ihod.

tlhi o,•rll l. A :•l- v;ght l,,w ll|• -_1. kie l;'li l tIt ,lly b.I..r•,, 4f11Y. Gt in t llig a •t :,.'IIX L I 'wa lil

tilt, micla' tt~ I,.hv:IdiI.'. "elI'llI l*l~' l;,l•l• .vv.l• ill shol't Im,111-f. Fw,\o {)1" Il1(o1k.' bearlillL.S ale,

(,.• I• l l..: tm ilt, ;I . nllll l ,•,l,11 1 ;•lilt[ thw p a;lltt l'll IlkU '.ý-. :I',| V .
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I.

,)r liri•.i~i'• 'l ,,i III ,"lt, it Iý pws'-ihb ,' () ploh t :allu dril't h~v o,•. f thle ])1) st',)1)t. .A.Il )lioll (]ie vp ltelst'itit)Il :s I :110 : fix uij n :1 . :It'(

, V tiz. il , ( t. ii :t i i:ti fix ti)l ai (il'.. jult 4' I. . ir litt!. "lii> is- fit'lit- of t in" ;))> itti i 1141

i t': . ' W it t ,.' fNr f il 1i'at1 ]i 1vvI1- l. "l- it' [ ; -l -t ; i lug litlttlf. )v i' t, I rucich. Sc tip

ril\ I",e. ),()I t .I I ]- d'() Iit' 1, %% lt h lt, 1.16 t ) m ilIp ilII(,I a)'~ 'll'I l v l-v (, )l( Il _-, t he ( illl~i ll)v'.'• l(l,)•';l o %.i)'

'I II Iw %I.r IN'.Y(l r:i II, tl (• • Ili 1 , _,IiIa II I'( ) I' gl~n e , dvm vV l~tv , 1)(')'Ii'" h• t hm , d~~ l v lih c l w

Groundspeed Wind and Drift "'Ihe ta'll k Mit ii i't1tiiii]i sZot'1  :it'V tt )ildtt: ti 4th tilte

1),id: i . ll~lp"> i lii(,-ý t,,. p~r,,ldel•' (,f 11"61r: (lv ]:•)) ,'(, l~Ipm e ' t•), the, h 'ua liil'_'- :tld;, n)H 'liv '1 l)p-t-.<l

]>('li'it ,]~ i ] •,'<()i uL_. "-1) •i 'id ' ()1f1 rhý,\Vlll"

.(itlt's i i tllt l\ 'titi lix. \'•)tl Yr il int trittk fnitt 1i Radar Beacons (Racons)

ti..•v , ir f l )\m ll l wi t, fi .vily li t ir(t l' iltl ith i:(,-k fl .. ~ ii l o mi[ :l ( ', :i'i'i ) lt~ n• i. l• ~ i~

l ,inll it,)ilH 1 I~ i- 1111W Yl)' h , l mi dvt, 1e11,V •-el, 111 Al); l otli Iz-i il P ' :l h- de 'icr ). Nv l t-I. 1",l1')li f. •ilitl

(hVl i dl il -1. I 'ih th-t iv i l ol,_ il l tlilt, il•~te l u "a i'ol.] qiit l i ; i iof r tl(,) ii ( kl hlmlv I b;I,. l' i -;ll" e Iii li') i-w

trmll I h *(le dý :l lld \ll Ii I;[• \+i <(li )i ii \v I .< ,ii t i 'm, iiti ir ).\ II i,%1i1.•ll•t, 1 :!p W -ic .,ti \' Iýhcoded fo

lI I ft. 1picks1 11•i) itI- l 'l ir~l'in,lliiisi()li: l is and : 'i li n il
'I']! ,rv, ;ki< I >- , \ %,;1 \v i > )f de(ti-riliii lilig- %% l~ li iililt 11,1 ( )]w itI '-lY cl, 't ll' :l II;,(' of i I .•v ri•" t-m f p InI Se.s

-I'',

-irl

"Figure 23-9. Cultural features as shown on PPI scope
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, " . ' . • 7 - • ". . . ". "

Figvre 23-10. Racon - .

reception ,\ . -/ .

- ---- " * : " "

"---l It -l'ill i i i \ ' l' l l|"' " f l i iIi" ti - l v.'riih iSitallillh iit l i,.' i I t'd ii hi lix : W ilt ian 'd i -ii

.fie' Ill, racol il rou.I the Satmt, way ll the flash
Iohl ,•t vac,'•m• 11at-:1,1111 the, ri''l v', (,1 :1 ,,i;..hIIly (-Oding of it llglltthl u,•t, idv,,ltlllv the. ]ightholm-'.

111IIelirt~r fivylt.1,('y th'm Il tll of theim rtltiF ]ydvv tuý~ta rt'il - Ill- h• la r om f tilp ý -'moi
r',t~lv,. tmid the, all-raftt rda.lq rvuo,ýiwtr muI lu. t ,h f'rom tilt itm 'craI' .\oi vall plot Your pol•UG hnOl il :I

I Ill v It'! I v vI I' .'t I I. Ihv l' I -of t r ll~i I 11-ý 1ifl I. I ie( - , z I I -v aI I.

of 'his.- Ii 1:,,] ,:t,11 i~,11 do) t• t I itt .r-f r, \% Ith Ih .IA iv fYly g,• whit h tI l Ili •=. f a I .,,,. Y,,u

' i I )lIi" w, ' Ii I' l j'l i,. a l lt iiv I IT'N t 'i it I tiiti Ix ie r fo r l it )II I- Il I I . fo r Ih ii I i'l l I I li11 ir
:1 ,'.4,, - l r , idh, '.,,'• :, ill for ,matloll \\ ith umt I Ic i )ýl I itm )II (f ItIle :1 i ''r ll't . 11he ra itge ( fl th

m " rd N( \i-Ih l, lY cly ~ rm lol~lý mti~l l~ artv vall- lac,,,l de.pt-Il fill i 1 h ;11(1 l e :11 • tillmh, of the'
;ddc. :I- ;I I;ilvi_.:•ihoum ;1141, 1,, :,diliti<o1+. tilt.\. :lir lr;IfI. W h'etll 1l1-6 tI •~ t . fevit vl, l, .,-hlolhl
lin1:1llI:,ill n'ldlo ýI) .lw'wv' e'X,'tlit \\i1vil tr -,',- Tedl 1)\ hi, aid ,t l, n'o rec x-IV ;I lilk'"lll sig im+l lit 171) 11l ilt l o-lt'

Ow. i ., l~tt tl(a r. :tl~l pro\ ldt, I)I. f.tH a v~,•• \ to Ill III"- orl wli€ I't. "'Yo d ,terhiillr I Ill, (1it4 tl•iv II(l U o I the,

0ý-,-.r l; cIll" Iti-,lll(,(l tI ) ll '.'i.vive' 111v.ill. lx,:t('ollý: Vl'"tri.t lllt'tt>-Ilrl' till, diAl evt fro• f fl'vl ci'+tller'l of the(.

-: l iý' II o f 't('' lilt- 11 1:11 ' ] I.\ l mlt\ id ýt l l rlttl \ ofh lim - ),(,'It, (.I f i t, li e:- +tr< d th en, r : ' , -iwi] HI |I d l ,

1%I)\, lavoln.. I, \ l-yI,,tt+ing the, (i+), . tl f Ilwu+',•u "+I' flu, dl rvtlt ol l lt' ,0l" t'woll I'l'oill \o l.VI I :ill- . :r u - , ,it • h t tni~ ": i i ++_ z tH t -
rl-tl'l (Io\\l -11, \ oll 1[.(. 1I -oplt.l t' , I, , :111I [liv o•l\'. •'I)-)I "t :1'-o) <h0(.1111114, ;1 fix \0h1'i lll"

"> "'o r rI ' )"- I II Ilt 11 1 I';I ' I• -

)r' ill d i 'Ir llli llH 'J I ';II. I :1 l (It l cl ,t~ 1 ()!! o l ilt, [ I' I I :1> I wllt'• •+ :Iwt. lho n,'t ,-:ill o n ll 'iv • till-
;;" (<,]1 l' 4)11; Ili,. l to i~ll w:til,;lto r il! ti lt- ý--lllitv \\;I.% !It'--a l l ' .\ llh om l ,g Ill ,, \ :lit, , i ý.: k,-dl t ,

:I',: -,oli i phll +i'l 1I wtl (i.:,,,ti<l, ;111(1 l~tiu +l ti_ -k , (Iulil to) il+'l10#'tl<,+ f l+l, •!;lt\ ai<lYll I
(,+:t~t +11 ',1 "I I.. '+itltl h1.'allo<,l o fI lilt- 1:1i''W , " llt"P, l \( it % i ;•, I~l ctt ltr rc v, tl ,t , ; i •'l "-1,,i
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S. S S
Surface Wind Estimation 27u " CU o 0

"t hPO 25 R .540 25 K

p" . 1414:1 'MI niiitl)i' Ow diae aW.:1df
I I \ t'l I l: I I4t I v 114-

:1t 4 '4vl ,': 14i4, 1.'i,41 v,, i f'l il ,II c,

4,,f1 44 4ufl,•iult••,4,:)~ l 4,4h'>. ~ ~ iv r m =o pc :.! ' joF

20 09 25 ,

all I I *dcý l CO RS IO S .1 11! 1 to 1 t1 1fee l i and foi. \N inC OU IN EACH IN0TANC0 SHIP AEAR S T 0O
RIGHT OF HEADING WHERE

4 low: if t r4  I.", kj I t.t. I i:lo4 t: 41 I 4eloc it v. N )'I4. , sum' O FVI CTORA , isSUCTO PUT SHIP 25 Mil EAST

Ill l\ n '• ti llt ,'~ l l ll-+, tl 1•, l \\ 't li ~ il ' 't' ill li ¢ • t~i llW IN D DO D so O f PL AN E AT P. P .O R P ,

0 1' - ;111,i ! he ' kk Il 4,i \% I ol\,, . 1. I -;,4 t,+

W \ ' t 1 f t Ili 4 I 'it4'l l \ w1 I I I S I \ I. k4I i tI I t ti, 4i v- W IN D
090 25

Tt1 111:1 k l ';t 4! htt I ,4h, 14IIde wI4,4 l -111 a vo4 , :144 144(414i4l44

4444,' 4, 14~: '-! -t, .i '41 t4 , 141411> 114 -44J4.i i]tl+I ''Itl\ t'•l 44l'

I 4 i-II thi I. 4ý \I , 1i to 111 !'iijt1 y >1h ''t ''~ L
1

COURSE TO P,

4"c ;l: 41 lilt, \% lild\k;ild 14t ll4 lt- (44 " v,:t441 I .I w l -;I'I4ifWID 090,

:4~l~ ' ttjs4:41l" t'> 1lll:4tt' 't) i i nlt ' l~'h tl 444 llhld igr 2 -1."Intereption of moving rIadartaret

1 4 4:4 ke 444 f :14I4I'4cA * ' 1 ) 1' lit, I I , Ifk t Hit ll :1141d The sum of the Ii AND HEADING 000r

4,,-

\\i 1t4', Il ." "t144 '\ 1441 1' 441" 4,1144llt' [:411:41 4'stjilt" | t' 41 4' of in eachCoURSt TO Pt IFcWINDa0e s 2s wA Ai t h
lt -'t -0 t1 tI 4 ]i .44I4li ' 'l ' :41l'1\ 4 . same. Thus, the pil t caIn i p hL

)u~~~~~~~~4i ,.kl 1gl. 11[ k1l4 ( 11 I44j 14 1 i 11111I! w ehra .Po P yacrann hneo
III,' 44).) v t III, Il' :1,ic I I!Im4s 'I'] ic w4 1 I\ Ig'i f be rn (rd rdit,'itn e fowvrm A n

vhit'ill ,Y4I(i'l 4,4,44411 111' 1 :14 Vii- 41144 distane 23 1.Itretoo gom vngrd rag t

I- -.v't 4 1 litItlt , L livh (4l 1i lit , ,'Tl ill 4 ilt4 lIl't It illl i

:i 114 t. ,i t lii 4'4,i44li .It - ll 4:414r o in e h ft. t4c4h,-

btItlI1 11144' i- :ijj 114:444 some Thus4444t1i' 11 l' 4 141 11 , the14 p4 441illt can intecept the sip':i

:Ita ; itlt r il igofllit'lit o ;tl t!i-,, .,_,hI It't ) he h ratP I, r S b s era nig c an e o

()I"~ ~ ~ ~ ~ ~~~~~) bearing't' (radari; drift),II d'istance,•: flown' fromt A,: andl..+]~o_

>Ill urhi~ l ', "14 11i,4 l(11i,4 14' 1 4ll 4 Mi d 11414 11 I 4 dista to Fig 4re 3- 1 In t ion ofmo in ra a 4a1 t 14

I\ hoil ", 1,ill t ;ll t't" lh (it'i h tItll-0 , 1110 \-Ilt, ;l t~e ilt.Th su oft e v c rs w ih a s d r d rd it

,JI t,;l. , 1_ t dwv n~+ l l . I ll-,, If vt.;tw t,-inl t. Ii, rt, f2v a h o h t r e c s s s o n i h

l~~t~liili+tic1111114 ,,414t44 :i. sa B'4I'444'444 ti' . eI] . Thus, :44 t[he pi\lot 11an itercept14 I the 4444 ip

()144:4' 4li,444t• :tt 44 }l ti:r 4lhr,,u S 4141h ,. :44/4Til.tI:41'€ whe:IJ ther atl P, P 4, or t P+ 4 byasetaining4 4 chang o,,444

1it 1'4 1 IY t ' h:iII w, I-: lii ti f, i,,' II : I: ,l' distanIl i it4

I'li n t , 4 1 . ] v 41t hlu ' , t.Wil iti -li, l, at ll l 6i 1 i tci Ill' 11 1(l ,I'4 11 1j2In S4t it 4 SIt l In I 4 1 it > 4 144 ' 1 : 141
t~~~~iii't'l'ti~~~~~~~~~~~~~~iv~ý til ii i"i'ii'"tl i l,+ 'l itI i l• ilt l' i, l +. il t+il t ;liI til It tillo Il eithl • -(,I rt H il l~t

"tI 4 t \% 1 4\i, 44,It \, II I i. \% 4 (- ")!A. 44441 w ni ) cl *: .l': ,It 1 ;1•,1 ' 44si't44i.h 4 ,1 .,,h i-i 4,-- 4i iI

l l i I' \• l,1 f lt wlli (v •,;I it , P i~ t :1 . ;Y;11 P -!I, 1 4 rli i. P i l'l4 I i I litt 4h ,14+, .Klt- \\ 111(i ,

" ll, iA 5 llt'J F ." V ll* l ('4 ; 1 - 1 ;i f l l irT•'h •l l - , Ei : " l i l i s 144 Io' 1 1 i it t 4i ' ' t : f d4 11c. 4 i-4 ' :il , '-U -iIllt'•-t' ~ ~ ~ ~ ~ ~ ~ ~ ~lmevr it~tl~, lti ;k lhi11•l'. Illh,,]ýl,,l .ll il li~-tl t\ihllll. tilol II!ll• 31t111i•

'Ii44th"-.. ll l •:i ti i.l., i•',i Nir l A I, Il :ii \\l4, 41h 1 iili' ,r4 i r' 4i i ,4 ,
ili l' i~ lt~ lri.t ii- f ii~ l l~ t' iu ' , r ilt \ :l •,. ii \v ii i,>.l; l ir ; •ll ti i•l . , tl ,.,- ,,, - tll.;It11 11 i' li~tlik

(liltill :(m - !'4 Ii Ill! he4 4 III-4 ,444 lit,1 ;~\l v 'llt I4 ,' 1 l,.r , ] I,,Ii. I,( d h m I ýt\ ,l ' 4i ;4 I, wltt.1i 4 1:4 w II-

14:1- I

i ,l<.]~ \ ~ ,i.i it , cl c \\:il \%hen ilr)

I .. .1i, i , \\ !ii,1 d ri flt 1.i ,, I - ;ll'11 . ..ý,] '

RADAR TARGET INTERCEPTION ,,ilit(A Ii',itlomiil f;,.h, l,.-,,,.t-

411:11 tf;w+lm ,l %%V lih,' w ,\ iI ld r . ,,~ t, u " it, ll I-

- f " 1 ',t' l ,,1-. 1he 1: , l l~ l Ih~w Ih l ll' i-( 12,:1 Iw'l-
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RADAR DRIFT

CHANGE IN RELATIVE,,EAR,.,,, (C:) 300 +y
.. AIN ' 30- CORRECTED HEADING I

FOR COLLISION COURSE

LAO.. --HEADING UNE

DISTANCE i ,

REM A IN IN G T " 
S CN"EIN

(B) 3 MILES SECOND BEARINC
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Figure 23-12. Method I (left) and Method 2 (right) of determining correction for drift
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In i - f o h -s 1111lt a l l -1 O ' % 1, lv d

WI'r lil lýg ~ f k w I 41 ~ e
)41 w c -n 1 1.h ýo l t :1 s ilse fi-1m cle (4:11 . A~ i m
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of (he lail( of light iod the vile ition of the air- re.liligs. Renietoerthea\'ei g eatliigothat

craft, they are no good for s'an fling. B ut if lhe\ von| can ailways .'(t t lie gl.'sses ac l'rately.

arki. prolerly adjusted and You pra-twice with theuii,
., Oxygen

y.0n will ilald hit lihevY will hLell in ideiitifiiig

objeit ;•Iliad '"v potlttedl '.hitl the iikvitl wee. Thcy Sin'ce night vis•ion i imiipaired over 5,000 feet

aie not easv to use--lut thiev are well worth the by the reduced amiits of oxygei awalable Navy

trouhle both for airborne a ad ground targets. doctr ine requires tile use of oxygen on night flights

"]'Ile stinudarid 7 x 5 a Nav\ bliin'ulars are exNcel- over 5,060 feet. T'he distances at which you can

lent for ii iglit work. lie sure to adjiist. them while see at altitudes above 5,000 feet at night can be Iin-

voyn are oil t hle -rolund. It i diffic'ui to dloi t inll til creased two of three times by use of oxygen.

ml- at ,light. lir.11-t adjust tilt- v-.ple(-'es o t~lat Good Physical Condition
they un'e the saliu (lis.t anice apart :IS yauu" eves. If
tilleceary, have t lie diiilev ca ir iici youur vi-es( I f Good seeing and good physical condition gohe'e lyhve I he Iledlit.'al officer nie-asure tile di.,

h iahd in hand. Fatigue, cold, improper food re-
tnice betvwen the ('litei, of vmw evts with a - u*le slltlig in a vtamin defieiencY. excessive alcohol,:111dn fivi av Iltnlel vv{el)eVe(l('4 ilxI.e":dil\'e N t'hoI,

• in tn hii 4t t lie i..v(.1i, aco',hglv. N- xI .- soking to exc'ess, Va.iolu's slimiulatill n awl cold

foc'us ie ghasse .v with hoi r eves rehiuxed. that is, c'ring drugs all have a serious effect on night
aICcoCiiiiiiolatvu for dilst:it visiol. S-c.rew out the '. ion. The action indicated is obvious, but your

eyepiecees ;is fir' as they will g"). Turn theglases flight. sumgeon iV an expert in this field. Should

li :a starlit •-kv. thlen foc'us• four each eve iil tili'ii. you entertain doiubts ot any kind, avail yourself
s- l e\\ ill- ill the c(e])e,'e unitil the 'tars-, are (lear. ,of his expelielilce if you are ('Oohuictihig night

lelpeatt this irocess several ti iits and average tile operat ions.
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CHAPTER 25

CARRIER-BASED ALL-WEATHER FLYING

F Ilk.• :1-1 f'(,%\ yell Nv I ,s 1mv brol, -lhl -1-i:11 irog•- pr skl'it' s ba-z|:l:ic, illf('rlw iti; l :11(}t |l r-pi~lt'•S'hilink tiv pI'l)-I 1

1(t,> Inll t t, ,h.\l ,,i~l , ,l"lip i ,,f ,.atl-llel--|} vlt'. al1- C•' lle , r s o . t) hatl \N im (.:if) Ili, p, i pale.d;l t. fo' r the( lici'\

!,va,:lii(.l t.vlYln1. It'iith inr vl nl' ,:_iIr all(l:f" (,p l- IH€•ell'S:•l e ircr clahpa l- t tl~l' i/td

b)illtip'4 al( NNtn hh litim (ih] tr(ot(llic' andlpli'lt Il/

llt.'\\ ,.tcilijl '.,,,i Ii i- Il'4,'III the ,,,iTOi hin iin1 ELECTRON IC NAVIGATIONAL
SY.Vttt. illl (:i111r clin-l ,llp•lIi('h (((A). ear- EQUJIPMENT

New l~~~u••fiw ltdke-idl. vl, e| voloz',• let- ]'•ver v :fll-Nv'|';I•hw| cm':iti. rcy l lu'r~e ielk-pill

mt,'fi/.I l are !ii1e lre i• ilIn • tllnt of flux. N[an.v eithe ( n0 the d(,' i ie( 1 1 t h w t i ' it it,. a IT i 'h 1",ft

tif h eI ' iWril,'4i-1 I :11' lit'uj- \' ('Ii5.Ij!ieiec. t v(llllpilwl t ll.'t'd bl L ( I( C :il ('('A. of 1i4llst'. I'I
In :,i~l l(n l-c'raiff o.'Ilr 'l > Vat " ! ,n •,d vt. (,f t" l.tv il~lpmr :1iice Ill Y'¢i1,1 El' Y (; i(l._]

t w (I'llt e plli -l i~lt :,Il~l( ! ':i l';t!l ' ll| ';) t., tllw v h;lve at\'ai - ()nt thw w :1 v olt , 111 ht llitg, i llF il t odl( t'..iI 1(,•, 1e

11mll ftij Itoh iii if iilwett ie i tiyo . ('wlse- fuoi homiiiiiiu . Aullhtlel IxpI' nf 1141111it. :1 I '
!Ql, t 1n v fily,. alli~l ,utalilvd prucedureis can niot, Ibv hoilier. Itwz liveen I |' )l~lllivildtcd 1"i] insl lhilla io,]! ()It

".•Y•.:~ ~ ])ee ih i i, Ih • ('ha liter. Insteadtll. ciah{ lm litcir tcal'Ieri~'-Z So that" n•ilra';•ft c'mi Ilmit. mt l!•wili \610l1

25-1
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the ARA-25 I'Ill''Iti'. f'l'h g•etatet. possihili- ini code Sequlence ilmln-ate>` (,il wlhi'lh ýidv, of tilh, air-
ties. howevur, are being oft'erkd hby 'l'acal, whli(h 'Craft thit, ..-tlitl is located. \lheiyofo:,, lie v"'
can serve in every plhase of carrier aIll-weather dt'lt haive atiod cartIlitl tnlitt'lteliiig alt ote
opera itons, the titll'elien il n hi, h youu hla the hltters. Wheln

hie lln xt Co• , ,i-t etlI '', collies ltl til , hli,'. to Mvt
YEIYG if :i new lktter has coni t ilt" lie picture. If It,,

"YL,;Y( is cutiiirtll ill ttw aboard carriers, new ,tielr collies tin. the s.ition is iisýturn or alhead.
hit as hwu-u lw t,- Invue gi'erally availahl-.- If ai nw letter does colme il, and it is it the begin-
and this exlect-td int liea ner fturt---YE */YG will nAiWtgof t le satqwlce, the statiou is to the left. If it
be removed from hoth cutmrier.s and their aircraft. is at the end of tile se euit'c, the stalit'o is to the

S'T'. V( gi\t- Vi\ii Vt Iiwi itatitti ill terills (if migIl.
SectorS' wlich iu it'liittll ti ti0 e nrth. Y E. Y(' i If there i., itoihi:ntig for 5(11ll1' t ilt,. t:ilV lhid'
beatconlil4 tratl•silt a V111 'cn'ier -wave from it to- Ilnliutes, tuillt the alil'iii:tfl 0'" aitit ct'lie ft'or :a
tating nittenhtti wth-ih radiateg a diirectional hlarn chlaiitge. After Yi dett'rnile onil \which side of

npp'roxiliatclv- 1-5 wilt. The trinlumnitted carrier ),ii1 h'nadin, the sl:ition i. ht0:t10tld, io:|tt a1 90r'

tave K, ivtri-lvr-l tili 8IiWY W at a r-ate of one urn to\taitl ihtoti~ , stat hold nimur hat:dinrig :iti l

revoluttion every 30i scoitiids. Aks it. is revolved, tchtk the codielt etlilelhv. If the -Ia'ttiti is, still oit
Morstt c, haonc et'il tiitt.;' arenlpies.ptl oln the catrrier the 'imilte side as blefore. till-it I-Vi titwriil tlhe t-it ion
wavtie at ,t tinkit- iiter\als. A lifferteit. hliaractet- intl .hekt t he Inilt',de seie tice agaill. If the s•itt•oil
is used eaCIh I 3`Of iOtat illtin 11 thiS. character is til dit- litiitise suI-, till it i lhe oIlo ilti titVc-
us trautsintittt'l twitv in its 3t" siector'. Tthus the I ioni Con/itinue iclietkitni. tile code se.itimllt-. ciut-
chlaractei'•s iart, trait.iittetl at i], i intervakl, but tilit yoiur tltu, t) the sl:liolli ill half unittil loll

Only for the, duriit it'l ,f the chiuialctt"r. The tutllu- fhitn a healing hiih pruodtices it• uiiilthlnlging
plato t~rauii+t i'~ioi i' s-t uft iili rtitiull toi north. vcode sequent1e.

south, east itund wes! a) that. each code letter is AS\\ |iv V.-iii- a Otiliv of thie sct-oittlr .,t!t liV-til J
always .een iti the snlin dire'ct ion oil each revoll- itiuV Sniq t iii thi.hi V,,tt phain to tise. (I lte•llis ait.
tioni of the ltulitirli. (S'ee 1'iilire ]Q 2--14.) ceutill shole stnt iots tire ittl ii ll:nhfai'-. to-

ittrlillts' oif lt" ritt v't io llrt-tliaiit typet,, ru-lia- g r7n-n with a digiitli tof Ote s-tmt' t ui litsinlii<•ui::.
tion. ni lvll.ot'ti itott-lh hlocatetd frioiit tile initeiillut, No, e tl:'-t the ii eit i't tlesigut ntliatihns f til' thlv-,v sh!iolt,
rei'riveei siNly Vhtatpe sigials which utre ,'ndihted in .staMtl1.s are ot til, sautlie :. thltisu fitii a shipl stai-

tile el ieal tdite'tin t of tiet' rei'e itei. "lhi+z neatls t n.

that the rtc 'i er in aitt given locAtion will rmecivte

only i alinitited nilithti of httlter. The volume ,xEt- ARA-25

ting intliuent.cs the nuniter of letterzý heard. .uiinn of the Ir-.itt- whilh h11iv\v ,een
teti v':)n i•Mt k ti .e' I t i. i tuv r nim! itune hi ntil ,lli uis- iinn ii:lc'l a y ml ilttnitti i tedit list- tnt il 'L'a"ln is

partic htular it'tlill, viil \%ill hvclr it) soi un, d until lt' i, i \tlly il iu t il t tmiake ui-i (if A\ l•.\ .i 2 II I'll F.
dlil,,t-'lia~ l be:1.uu ts raLtl~tttd ill the, gw wirill dire|'- 'I'lli•eIlilipluvi~lt, \%hivdl 1%:i. dli~lunlý"d hin (hp'l~lltr

tutui O oll aift ktttiit . iit tht, rkt't'i\+,r uutput you i ti t ol oil ;l Stitt li h u ;it r
i'uillI iil s(i t I mu ',timl Itct-it it. four titu' Itteis iltitiu iig or i tt li slilir hti t it t'owll iu r'l trt'tI\' tilt VIt ir

tnt-l(u , 1tili1ur i o!. Ii. cu tl' I v the ii hi l t-\\. 1, then I •hu -U7 i('ItNuttlli tilll titis 't'i'-i',. '1"1 , .\ 1Z,\--:2
loiok till tinat ietler in- lttuili it e ,h.-,,thil-a lin txit-lýthitt ,-jihiih ti-si- t |tit-iii-siii nditigad-
11ltui lo'.lt , t lit t'i t tiotli of 0lit- t'tn-l iiimtt-rif. tfi,, tioin iil tl, wd ill Ianu6lohal,'l ,i ' tIiiti uxittisi\t'ly

.'t" •~s llllf. plllll'r t 'tý, youll N6 il het .iz h. i,, dv*tv'I lli't l it •, li '11w"I liolmlii l' nilt, 11:wz:llltd Iln t'lltit'l's ,til1d

"""diiect, ior (if fth-, n:1"i ýt:t1 ',r h iliuit: Niltull -i, tn s:t hi hitt siliis. 'liht, 1.\ ".k , li- :t ti n tl;1g.s o\ t-r
" I %\ ill i, h iail.- t4, h•in -it ii i lhw' o Ii.t lt .i-t .XI¢, ti l:iI tý (".!im-n-. i'i i t 01:0t it is

.•."~I 1, i oslll:<. h ', I()i vtý l rt mill, t/n, (Il ,.--I ioni(if lIlt, liw l Oiut. ludi l:I- ~. r .- iI , ) 1- !, lt. itl ;, in >`lit,"Il ; lowI ),r \
N trl'lli ul iiitt'l. v ~i'\ l \w'li litoll , it<, |' ? i 'l " i l '' I i l ll ' " l l'l • • i ' -~ i lr t i' \ • + ! l il•

tlit' Itlt'r: :itiv I Iao~lititi t'th t ltck\%, ist-, a ihtmil t'd i +t'- ii--t't-.

-5-i
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4m.

Figure 25-1. Shipbourd YG coded
sector ho'ing

0

HA~l

Tar•n inislre 1 1i('ktIp islto have tlil 1FF oI. 5eairth radar
STac'it hasni alred it eelv p. di Scn.•.e(l tin solw. de- i.s used pri inrilyv for or he r !)i' IU)S, but h it.-, iviil -

tail il ('1hilp! ci 7. The ire i•. no ,iiiiera'nce be~t ve aile to) provide position or a steer" onl request. If
shiore-I):els' anti c'arrier-hlased 'liiciti tx'•,plt. finr von ant'icipate any chance of fuel .-hortag.e, don't
the fact. thit, on a carrier. it is a inn' ing. transmit - hieitiite t cali on ralir for aid eve at some dis-
tel uiii( slhi ips 1 ,Io t h1ave .i an dllv tramimt~mters j n taumee and in fair went her.
e\'ent of nimt rii ii fa ihIn i. 'lihere fore, when yon

fly in ohl ii rudiiil (if c'arrier-tia.sed l'acati, the head- PRE-FL I GHT PREPARAT ION
ing. necessarty to} stay on: that radial miiav h)ea few
degirees oil time value se't o ie henitouse s-eletctor ev en Thme keyinote ini t ighit, and low v isibil ity opera-
iii a imo)-wviii t'oiiit ion. To'( reduce thle numbe~r of I tions is reliability. Therefore, such operations re-
hieiiim clmalgt'-~. ii t racking, yo)u uiay use flth 'FTit- 1nire tho)rougrhgo)ingl pre-Iliglht l)relpariltions.
lhem ,'ysteiiil (l net ho)d ? ).des'il lid iii ('hmapter 2:t. Mino)r failures whlichm would not p~rejudlite the
}tlowvem'e. the l)umiiiig amid trac'king uietii~ls)• lis.- imi.smoim or eiohmuger the atircraft in good weather

nt'uI• befo)re foi \'()1h am \id F Al wrk will wo)rk ,'mn result liothl in failure of the mission and dis-
well enoaugh fo)r applroach ii• "g ship lv "rl'acni. imt.' er to th e airera ft wvhen• thi weat her is bad.
1Tle oily dilileiiiiwe will h~e fithat fe fiiiil drift inty ('iiistiluiehtlV, it- is importaiit. that the aircraft.
lwiii Illt" tltit ta u|ual. :Ii't its equtiilOnmeii, e.l•.ieill~v the elec~tronic equip-

So fitas utcintlez\'ons, atliproac~h and let down nmm~it and thlie instritnients, In- chec(ke~d thmoroiuighly

lii~t'o(eti itS. W\it Ii 'l'a-antl arct i'-oiicei'te(l• tlhev ;e still it~foict, ake,-oil.
,liissiticil tail iaiaio(t lie iovcr'tu'd here. 'lime pfilo)t. iwees to Iw cotmplhletei" i'ltecketi out,

tliii. Sincl,.e :111-w\eit lie! ii•ii!'aitolt5 ultr mIne ct()iti-
Search Radar lfi citehd and Ili)'t' deitia inlitigr htl rhutiiitim oe lra-

E\'tiv ,:i!'rier, of ioiUi'Se, is eilimililied w\it I jinis. tlie pe,-tligzht- ill wiathier lriutilui uims~t be
• caic'm ratiar. Tlhi.s gear can flick uip ,ircraft as inhi. tdetailed and more tonmiirehecni\'e tli:ui a mxu-

__.,_. far' as the linte of sight, but the b)est lirmwe(luire to, t in, Ii iclingz. At. hei.st o)ie hoor lieftiret• Ili, launch-

HEAR.-NG

.................................
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!!g., ljl (,t' .liol dlil lit .Su i ed it ' l l l tile ctu.(u l'' t TURN TO NIAREST AFTlE 4 MINi

CAR-ONAl HIADING IN TURN TO NEXTII)W, Wildi th i l b a/i R~I111DDRCINCRIA EDN

~ -:triil li'ztaiit' thl hest alteraite (bearingiti nd dis-
t'il,''] ilh ]I,,,'t•:: l'"Ili formtn i oniiti foP :l, ('0 t1111"1/11.- MIENn

t':ill, , alil t iie : ilh-lll, illi< ltili l a fh lllel i, fre-

li'.iS ull iII, itientil-tt Ions., a1nd any other .'ON TOP-COMMENCE HOMINO
i.'i ili•l~t ilif)l'ii~l i Il.]' ON SHIP 01 LIAOl AIRCRAFlT

Il'rolvii lliw l mt. :ils be maiinde for the pilot
to ,-hecl- the alirc'r'aft aii~l cqulinipent b~efore talke-

off' It 11:1,4 bee:1! I,`0 II (1let' Ilml~ n ftltit, twenlty tmiltltes AFTER S IN$

TURN TO NEXT
If't. lilt- ,-ng nili -:tlv'-herlt'd. ilt r ilot.- ARDINAL HIADING

?;1m1! " pl'Ite b ne dilltd, ;k"il 'hen it Is ex- AFe ,2 MHINI
TURN TO N25Xc+ ` u t t ' , l , e a c, ' h p l oh t h e p r o, v i dh e d \ \ i i h e mx e r n i a l p o w e r C A R D I N A L H IL A . . . .

*o , ,ip.c'c the tcletr•tonic' equipm~ient Oil this aircra:ft.
D wllilig I ll]- pri't-'qail 1,lhrldý i11llH . itiq n e
,',ii ho, co(rrv,'tc~i if p olýt,'•i,oli is' linlde for trouble~, .3 30 lIl-S 'o 21t 30

sllt rt t NAUTICAL MILES.- lI1Igl ,crtel•. A\S a patrt of thit, pire-statrt elec'- iIICJ il

Figure 25-2. Overhead rendezvousYk 1 , v, li;li~l), lit, .< 'liillhl,.hi,,.k hIn nig iin wall

III lII tla , Y lv %% , .1 , 11.hi telgil.iil are slt'• lrtl'ed.
'I"), :•v,,id et c.x u-iv, ill.'-. of ful ;t- :is a iesult of IIlItil Ttaloln b!t()ieome fnill)' oiperat)(111:1. T htli-Se

.- tl:taill g elil' loe(ill caII'IX, a cartefiul staltinig p)lan pl_'rocedlures, which ale basedl n e x 1til.isie opera-

iil:.- ite \\lkvI otit foi- ith lalinII to insilre ain tiowiui testing, use the .ARA-25" IIII )F in the

orilrl ,il antd rapid flow of jet air•-raft to the cata- iircraft and it U F honier oil tile lariie, in addi-
'l~ll . NitJ, 0i aIl'c'Iit lift •li< loll ]d Iw st~ 1t II Okisoliel' thI 11loll to tleuS l ll Ii • vI t g o ;lat l a t1 1 [ 'O lif lllliti at atIionh S

thiilvt niililittv• hefoly it Is to bet latilicJliedl. equipmeniit.

Overhead RendezvousTAKE-OFF
A combat airpth iirol em:il 'eil~lezv'mHs over the(

W\Vlit-i lilet ililatft I liined ,l)i (oIl the cataplulllt, .force from which Is was Vlitllihtled Jlst ,lilicklY,
I! o.,g%,' ' lt'llnilit lf its ck ilIIIJoi>5 should. l he set. to ,l( s:lafely Nb\ it clinilb-out hilIthi takes the form of
c.<I>i,,ll t. Ii t f ilt- l ia l ii n Itg iou tse, and it a witled s llt flowil oil calirdillil headinlgs, s-•ch
-li,•lilI I lihe ivv i it 1t lhtil flitl 1kiIii l is Steadi V oil :as; the oille Sliowtn ill I'iguile 2l)-2.

, if it lliinh4 -,li1f h ,lip;Idiig'. Tlnin thit .tabifizd The patterl lO n sh ,ll hi I glullglt,+,--2 i.511 which
Ildi,':ilf Ii sho ld Ih i heI lickvd ;iaililst II Ilile• t, C Waks Wiked(I ouit for eiglht l'211 .--, ulsilng the iliinil
IllfvIlill, i[lilt i failhf ildl ht i j. i L I's illlrir tll . ('lc .-thehile realized lt 9s) po\,'l', f1ill I]11;Id. I is

l:. l,'ilil.I A'ull 1 .-h,11lI bot tulIo l'ast frolil Piri- d-stiallted to filc'i itattl l'tlile/Avou ls at ;llli feet.

Ili;ll'\ I"17N il l' lt 'l il in e lv <+.) ',t e t' t l ti li tlrl takv,1 ih wi at1 4-11liii ll-*
. . V I n .i i l i g • h t ; [ i I l ýt i i, h i l f i N p e m l l i t i nl i il i e d i a l t e c t ' l i ' l n e i t s l i f t l e r ] I la i 'll c i l i g ~ t i m en . " ' l + 1 i i e ' \ •

l, l !]>, .iili-111), :iii•'ratfl I';Ill he i+ :11l lic.ht ll n SOC- lllilte I)N" dratW ill- Ito Scanle it .•!Ill ril \\)Iih 3l-iiiii11ile

thuI. f Ilillaft ilI lilillihIl Sliirtltel,, it 30t- lhgz-, workiling out the timhel tikiI frl vmi'h ttil-li,
s.tlliI itlr\1 -;, , s ilol I,,, ,ll l v-l' , At night Ilr tilen aieial ilig out tito , i -,!liilll, toi Vi\, till,

Ilt fh. fll( iili sh ,iltillil lilal im e .lift ilg I-

+_-e•. :Il'lidp forHmll llicp ilre llulvo' %%,. l l t. I l ml . pol-, for:t' ili-

+.;.+,', R E N D EZ V O U S1:Jr l,:ltlelli ," t heIt'\<ll. poil loll f, l li ;liV 1't- t ,"li'

2S-4S " ''' ' |i ' ll)l • llt~ , I,\ t - . -l~ l i .. . . .. . . .-
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Th'le 1:ttrgest runtheir (f aircraft that can (lit ih tcelerit tirig) in thre briefed direct ion to tilt titat'-
at tisfactori I in one pattern on one tIad1o fre- est cardhtlw hi.adtlug. Ihle timnig of each leg is

(Iieric% is eight. If niore thatn eight aircraft or based ot the true the, stopwatch is strtte a. the-
two differ-ent I ' es of aircraft are used, two laiirnich. All turns tire then mlade att tixed irnes

Ckillib-(ut lmtiet'lrs Sholl(1 ie llreplired. 'T'hey front tire niunteit. When aircraft break clit oil

ltonll each use : di l'eretit co•nmtuniications fre- top, oil the last leg of the sqirare, they start horn-

fttefi-' :irtr :holild p" it) opposite directions, as img into tile ship. tusing tie ARA-25. WAlhen the
s'.--. leah der obtaiins it sttttion passage, lie sta:rts an orbit,

T'ie reinezvoits should altways be pl anned to on station, uting :10' of bank and tranismitting on
titke phicue above tile cloud tops.. AV,V!eii clouti tops• it lreiirl'ange(l frequency to enable the following

;:kl't' kli,)%%\lt, Ilit, i eltl.dez\oul... c' it be( ;it's'o! ]ll Sttd at 16"c'raft to ijoill 111).

aty de.ired iltihe atjsting tie tited leg ick Rendezvous
of tile square pat teri. For itles %%hel cloud tops i
are tot kitnoii, :t ]);tte'n shoull bre worked ott to 1To reni(e.vous it combat air patrol over a

kclitable :iircr:ift to rmndehzvi.oos :!t or near their picket which is too roar to ;aI+Io\\ ia straight climb-
oplerat lo rili t t , \t'ti tlo tgh the clruri out, :It dog hg-" t'lirhlr-out palittutnt i, us('(l to iII-

tli, irte low nu rmtedh,+ :Inds i.s -equitrid at alti- S.ure that aircraft reitch the require(d altitude

.rti(e, the hest practtice i", to fly tile mrvn'riead ren- before reaching tIre pticket. The pattern shown i!I

dezvots riing rite p't,-:rrilrgent pitterit hesc'ribedl ]Itgur'e 25-4 permits the shortest time to altitude

'atere, ari flies s•tratight :tar, levl otr ii slighrt ''lli's fiig;ire showvs a picket chlimb-oit (drawn
thitcpilltottfilesIris stop in g diedchirrr1 oth rIIrgin overcast

(1lirrb), for onre rtiitirrti,, raisittlig wheels and tlalrs as to scale) for P'211I-3 aircraft using thre climb

_ ii> j)IJ4 t,,t ne, ;• Il I " (A :cheduth' rcali('d lit 9:I, I)ower, full load. A sire-

Figure 25-3. Overhead rendezvous, two patterns

_ MINS.

111 M rNS. +On Top - Commecbl

Haoming a. Ship 4 MIMS.

or Load Aircruft

All Ai,crft fly

Straight Ahead fo, MNI. iSiip't Launchin~g Course I 10* (MI

on MNI First ITurn Stfd to Nearest Cor'i~nai Hooding ISO- (M)

a. Lead Arrf

.. - t MINS --

10 20 30

NAUTICAL MILFS
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Ii is time interval behind the leader. he eall re-

0, ToP (qutest it f,'om the Primar-y Fly. using his side num-
AiR I MINS. LIAOlIR ANNOUNCII -AIRCRAFT COMMENCE !)er for the communication eall-up.
TURN ONIO INOUN. HEAING-- HOMING " To provide this information, the controller
POL.OWINO AIRCIl•rT CARRY PICKET 0R LOAD in the Primary Fly 1shouhl be an officer who knows

the c~limb techiniquite. It is hlis responsibility to
record the Interval and order of the t aircraft in the
l:tInch anl to provide this information when
called.

When all aircraft. are airborne, the leading
aircraft is informed oif this, as well is of the time

" PICKET ._.ointerval between the first and las- aircraft
NO - olaunched. No tiurns pre mainde fronm tile original

Sclimb-ut course tinti6 all 1ircraft are climbing

0 10 20 o 0 on this course.
A I MIN TURN ON TO W . .t. ,. ...- When the leader of (he climb learns that. all
INMI, COMS-oUT UG NAUTICAL MILS aircraft are climbig on tile initial climb-out

corse. ho can annotiunce the turn onto the new
Figure 25-4. Picket rendezvous course for the inbound run to the Picket. lie

determines the new heading from ARA-25 bear-
ing information. The climb leader announces his
intention to turn and this is acknowledged by the

lia .ir Itettlrii ,'n 1he irelar,-1 for other tylie of other aircraft in the flight.
A i ci, ft. Wli, tlhc I,,.i ion of the picket is At. the moment the leader starts his turn, he
knioi:i, a similar lmhI uni can be drawn using the transmits "T'his is Red Leader, turnilng onto-
aircraft clitii ilhudule wh ich will insure irtcraft degrees, Now--Out." The aircraft which follow
teiaChliltig tIe reqIIi red altitude before reaching make the turn at their appropriate launching time
tte picke The remost ,uitable power setti ig for interval behind the leader. They turn onto the
the cliib i. 90.r. This enables aircraft with heading announced by the leading aircraft, not
sli gltl" 1Y,1eri literforimance to keep stat inn in t lte onto tho hoiniing bearing to the picket. indicated
,,liib, by the ARA-25. When thie aircraft arrive oni

"Tli' Ibeariii1r oI thli itloiil heading relative top, they then home( directly to the picket, The
I(, thii, first cli ijb-mul (cTmrse :Ill c lie obtaiined frolli leading aircraft makes it moderately tight orbit
the d,:,wiig auid cai ll ,I -d by tOle pilot .of til- (3i0 batik) after hI rrsvivls the picket, station
led IIili; :H1(1:T;Lft (with .IiA .\-2,7i) to determilne passage. lit. transmits oil pre-arlranlgd fre-
wil- t. tI turn i,,Iolo ld I I tI tli-. pikel. The ii,'-,aft (lii-tli •y to facilitate join-up.hwliIhl follovw exi-cuite this turl ill Sihake.'" This
in a filhw -thI-hIcalr li:(uI-ui'c ii whib I l each of Rendezvous of Jet Strike Group on Course
lie li•,ra ft tli1:1 fi,liwý, tln-, h,:lviltr tltkes telur'n This procedure is designed to rendezvous it

:it lli smll-t' 6imh illt•I-Vtl :tfti- the leader tlin groul, of iti-crUft of difrerieit types .ald coiiigurit-
it,u its Imil.' intitlvhal I,)(hiiil tl., leader at litichinig. tions above the overcast or lit some specific tilti-
IV'liII- rhIn, :1iii-r-ft :;ure on lop. I4hey proceed to (tide (usually the p'ai(t nl ceiling of tIln- Iouiber)
hi-qtin i t, h•,.,iki- H, ,,,, tit 1,il ,,ritft. on course to the target. without. pienalizing the

'111 ]ILulhilixtg of till- first niclt-aft is lbron l- ratllge (t f the bolm)tl r.
: t iii flonl l"il1m -v I I ltld j1l1 pi lots stll, ar thi ir T' iIs prti 'iuixre t-i-quires cal l-fi I 01dn in 11hg. A

w;*it'i-, ,t I,'. /N'.-. It is csoiitol (ltte- i.tureen clini) schedtlil- has to be worked out,
* idliiz ~ air-Irft klnow t1li-it rtipeet ivv latunch tilul, bascd oil the iomtlber's oltititan ilimil-iut at 10)0%
ftcr the lc-:iltij aircraft. Aftet- tlie , iiutii:li, if a rlI)n. This sln0uhuld be ido0ne bv test 1lYing9 in ad-

tlInes liii, knmv wI1i:. position ii the (litlimb ,or vinlico of ictiiiil weather I lopertions. The powier i

25-6
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)Oibomer. I110 Variiiti1i1 lit auct-leration from the to Ilk' lanu1ch ito iire iteval bhiniid thle leadlc.,
rmnwaN of, yiit~tlilt slhidiild be('I estiilislued be'- ililii tiIt(liiiiv(iiiiiZutl

Ciliininatc~lt ) if tlie siower ;wi-veIeratingt aircraft re- Iehiimiili llg pilot11s akiu 11whuidg it, anud thiev till-

taili fu 1 w11 uintil. ChiiiiIiii 1 w ped is reached. Imiiiiil( thli the'v hI~I;v t :taiilito It. AS eaLch i f~

NIP ~Sholctd be a thor)oughi (lS(7-.ijptiofl of the Climb as 11aled Onl (coi-Sle ;It t1LI. best ci imbihig speed for-

Ieji4)slil~ the u hl (w :1I)II al~ l., t etit aill thetil otliti t ithe1ý lp jinil tO) realit atith le I

wiotill.] til -:1V I SflI~iM h iilit HI .(Oli ls i ant f e .ii hui;leu tit5 ii tittto
11111t .Cý( bI V' r-fil eo r d SP O I I-I'O :1 I I'l t I U

t f it ill- thuru Hll i (dii I,, iif w., itfi ai i ofý, caflt-le t hei~ ea i" jilihi ;Ifite p.t f

NNirti to list :iittmid Ilal h iiiii. o t Iti lit- hiTi it 11101 Cl 'Ls*Il I 1 1ii ti situitt11 ihutigi ie icti1ft

, I - I 1. 1 I. f p1 ro).Ii-lh ýII f l h "Ic l . ''1

i-t-spm( ill:, ji t II! Iii iadiig t uhcolw ( III- itinlc iii-h rc that tn- lm ir ak.Il, listim oitc aft 4) the timges toI

,fiii l ll m1 ( iiiihi-ýl rciit f h I IIii . Ow ihi llc :11i al tr a litl i ai jit l t- A D aircr aftsi t)'hat

owi wi ilf t tu , S liii' tu11wiio " sti lt' m it :illli lx i vi l ti le lstattIVf :111c e arrve h Ii fill. orb M iPtA

pIl lie11t leoll twithZIli tl i-ader 111:111 it lii wstlt

tilt Ia limbm t t i n i PIts f t' nit ie i iiili( ai rcrafli t Own) AlrcIA,, (ItOli hC(Irs e AtIn fill'Tth

-ik dl i,- ý I itd Vl el 11 vuirf la erS m l Iltt e'a l "h f -llD Ma fi ll,-

hIIlts f. ;Ihfill;so f l~it, I ;ithrt i[it vrva b lit \ eI -- thu Iiur 25-5.chil Rendzvou it' lightrsk

tijiji and i h til lill il'. III IhlNog tiiiiiift Ir b ig t I,, q h :1d t .Ic.v dlg ou aik rlit

air-

-lq fo*, -.t- 111lt , :I (kI l:t g I
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brighllt 11ni flashing tintil fhe next olle J(oiis anod and wind. Thn position can be in any (oitveieut...
• o oil istil all me joiliedl uip. direction relat ive to the carrier. Th'le divisionsi

Pihlots who dko not rendezvous during tlie first can be positioned at the correct distance by Ap-
circuit shiouId have otily lateral disphneieit (t hey proach ('ontrol using radar, or by proceeding to
.shouhl be appirxiitlvly the same distuice fron overhead using AlZA-25 and carrying out a timed _
flie lailitihiii.i point ) all( calll htoiie in to the n1on ruiotit to the letdown position. This ruiout time
gi iup i)v setting a coniverging ourse11 aind inait- is (olnpiputed by Approach (Comit ili loy I lict livi_
a iniig i constant relative bearing indicatiott ott sion leader. If there is more than one division,

the A1lt-25. the divisions shouild fty in comfortable line. astern.
Wheni the appropriite position is reached, the

LETDOWN AND RECOVERY divisiont (or tlhe first division of a group) turns

PROCEDURES oiito the irlhoutlnd hwadlijg. Whien i anircaft is
onl tlew iinbound conrse at the letdowii spoed, spee(l-

'T'ihe following letdown i atnd rl'r.overv pro- brakes are ojented, letdown power selected, ilul the
ceduies hlave been reconinemn(hde for statiidAdiza- desvent is started aid aiiinnounled. At suitilble
lio)I iliiiill ~ '1cali h 'olnies fnlllvo peratiolial. Th'lnese iltitilldes (for examlnple, evereliv ]l,oill feet), tile
jIl it'e, which are based oil extehitive opeli't- division kaliler canl ('Sill for ran1lig. fronm Apriioiich
ioninl test iiig, use tlie A.R.\A-25 III.F. 1)F in the (Control. For ally given i alage his dpprwopriate

liiirrift mdl a iI 1F Holmier oni the citrier in aldiS- alltitude inl diousai.ids of feet should lie equih to
tiolt to ithelslual mitvii tttiloul 11ild u 'oIIlliu ti i lllica 4iu his range il mlliles Ilititlus I. Io " ex mlph.• lit .1
t-q iiltllelii, l'illige of 20 Imiles, his altituie sliuldl lie ?)lonu )t

feet.
Division Letdown Rate of descenit correct ions stould bIe ntiade by

Thiie (ivisilit let(owtn iS (desigined to provide iidjiisling psower if possible. Airspeed should i)t no
;i safe l)iocedine for letting dowil iimid br'eakinig up be chainged, for this will alter the interval -it%%een
divisi,>ris of aircraft ini iinglit ,'Ft or" inl inodet- divisions a.1d ililtr(luce the daligetr of oxeriutiilinig
ately low visihihlit y (dy coniltionis downi to SOO) feet whell Il'ore thaill (tlie division is lhttihig down.
teihiiigmind 2 Iliiles visibility. (See Figure 2.'-G.) The iibiound letdown is ntitiintailied to 1,000i_

In this plii. lceduri divisions start lettinig (hmv'n feet (niight) or until contiact. (The reconiniiieltiled
at a disthice front the shipl) dependitg oilt altitude ditx iiiliiiiIimm is 8(0tt feet ii(l two Iniles.) T'hie

IF AIRCRAFT ARE TOO NEAR LETDOWN FROM
FOR STRAIGHT LETDOWN, THEY KNOWN DISTANCE
ARE GIVEN A TIMED RUNOUT --- -. "200 K. BRAKES OUT

220K. K.'
1,000' OR BELOW .,'OVERCAST .15. K" . LETDOWN

• " /• •TO 400 FT.

220 K. 1130K. • , DIVISION LETS DOWN --

I," OR FROM A KNOWNBELOW 300 FT
OVERCAST L 0KW DISTANCE FROM SHIP

OVRAT U 5 SEC. BREAKUP
""20OFT, CONTACT 130 K. 220 K. 1,000 FT.

\0K.300 FT. OR BELOW OVERCAST

5 SE.C.
BREAK

Figure 25-6. Night or low-visibility jet letdown and breakup.

2S.-_
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division maliltuiluis tills altituide intil vis.ull col" - AIRCRAFT HOME TO GATE AT LETDOWN SPEED OF 220 K.

t:int with t he c•'rier ., e.t Widislied. When thec (- \,
rie r can iw v sH eii and Vi knotwn\l to h e oil the re- REAINING DIVISIONS ORBJT

Imtteri h eill be ol th e d wuoN wind lei i ecDhIV I 3 0 SEC KNT ERVALT HOMI NG TO GATE

+ 'sti'lmiru I :t I 11IlN feet ( nightI .1ild ••intact ((hiv 30SE ITEVA

\ hVll t t.,l'(rier is pv.ls(l beili, llI, the leiude,' -v--ESTROE
I tlt<,ttv k., port •m to thie l'ecov\el'\" (0 1't'o.rH Ilnldii\'I l \

mr'l'tft 1e01 k lit fi\tl-se onC (0 Uriv~dS. I, iinivud AIRCRAFT COMMENCE

LETDOWN LEADER TURNS INBOUND AT
tl l •S 1 ,Ikil, 1111r11 t .ic ,'ii ft 1.l(i\V It, ilti- HALF ALT. PLUS A000

FOLLOWING AIRCRAFT
ti*1 t- 4(0 fect miti ri-tlwe speedto ly ill, the COMMENCE TURN
mittll-b artl Sidh, (f tihe c.mtrrier ltl l;"+t) l,•not.'s. Afte~r AT I MIN INTERmVAIS

(Al,cl-itueg 11 t;It ,til'horitd siole of theiL pasn'ies, 'ilev

* liItliI;lu 1111 Ihii\islIlliS Itlrl'. OUt il fotil-uI1ililtc l:rhlit
1.1h.ht AIRCRAFT HOME

;it a dattlt- It(A Iml t and A AND PASS GATE ON
oi\ ol tile ilIlohlit d hea{linug one dlivision at a RECOVERY CO RRSE

till ;I .l•s IliL'(tL't lhv .\%plrol, h ( 1(1t1l. FLIES LEVEL FOR 30 SEC. AFTER TURN

3 FLIES LEVEL FOR 60 SEC.'AFTER TURNPene tration LeTdow n LE, E TU RNS -4 FLIES LEVEL FOR 90 SEC.

rAFTL.k TURN'I'llis ........ .. Is d e ,1 ( toU rec ve up t oc ALT. PLUS

li jet k,'iriaft with Wvitailer lii miniiums lowil toA F CO CE

.e;on md1 f'w miile II t. , in loo ntrol anHOMIN ,TO YE

jaft LWovidIii :;ICe deSamlot t behuinhi tndie ve st. It /REDuCE TO FINAL APPROACH SPEEDc'rlift thtting the dlesce•_nt througzh tile overc'ast. It SADHO

provides st rai/hll nOliWrh lirER WHEELS, FLAPS ANDHOO

it gat• vessel l i1t. Ni \ tili ' (*\Vii to 300 feet a d .BOLIC RAMP HOMER

nimle.s (,I it feied-hi tol ql ('(. final if the wepltlier is

( ve.. t(Sve t 1,'+ t gilre 2,T.)ilp' ihiilII"]ate Figure 25-7. l~ti penetration letdown

?ýTliti i ti~n tt il itbout five, miile's, bearng'l• ]160 to) 220l'

r•,h~itivt fi'•)ll the c'll'rier t vi~l ich 11l'•criftf ho>llit;

:1lud *mis over ihll'ilit : It-tdolwii. Its fi ilictiol. for After brvitkinid lil division le der turns onto
fllit tl~lpri'• lltl I". .iliiihtir t tthait ojf anl oliter ht,. I-~re inocii] hnliva iigz, kind ti <it ( iohe allit-ciatl oIf

IllIl:'kerl.) the( divisilon hlrtviik till 3o-.<,c'r-iil im e vll lVti , (olito. tile
AVII'hii t r''i tfl'ilt~ i, tl lill aliciHi' ]+fo'r+ I'''iiri'ilitioils infz, t' to)the Pln'<l rlcitro i lt ieliil-iliklllis r d c s : il1,11 te.

tlhey Iitlien atl llit'iri l o l'itlill!iv lititi~lde'l4 it glllt ve .• ililt, lVill litl lilt, rl' lipt,)

' i 'lleIt rvl , '% lli -e. i,- hi l .hL ;;t, 1ili1( the for- (0)l+t, oill ille r'tI iprl'ltl helndilng tihe (1,luhlr S.-

IitIoli Il( t I n i' tlIlli 1IiL1icicgI i t ltuiýe !ý h g1:tl1 t •t Sim- , ui upur hmvtidi lv•iillizu-u1i-01ml, 111 till-
lilliltl i\' t,! o~l' ll tlilt, ri+lv ''"i+il+ ' l'h l ii - limliliic't', "'"l' i.•s . Is •• k i'd tlx t, i' Ict lliig d ml \ li.

] t•i ]iIll g iitll I-, Iliildt, Ill H 'i,< li t Il lilt, Iv'lt milx i 0 11c+ ,#'.1"()lt' n 1tit l~htcr, 1ý,d '2 .sh i'ls lilt, d wsen'il
>l, t'w 'd . If tilt, foli'lliltli<l 'oliisists of llim 'v H]imti ilile ilil41 illlllm illicv-'4 it ; lilit'li 3 ;1il11 1 fIlhl wim l M one-
illl~i\•- l!, flix'i•-Iolsl, he•!l I ll, hie len ;Isitf'l'l ;11 'oim - illiliilll' illiel ' ul.•+ ti l'li uii1''uf mlilu llicl'Ig 1 1itii it

).ie Itco• 't~i~ of it ýlltliml Alt•.'t i gll :1tli, tlia .\I hnlfl, n il l(, i nI I luAi ph]ll .1,11(m)p fi-t, tlht-

:tmi hrI 4 11 w huItl I l h d; I liii. is le tlilr Init IOII.- mi l lil t'I r'll rnll o'-:1 1 I II llni d i l -Illt
l•<,tl Ic cl.t'tl , ]B lt ~'it lig portl' olilto ..... th '.t~,• liI(Iliil,g~ 1 hltil dm lto gzltlv. 1"1li- h'shor, ll ill tilli-
. O It, "../ 'I'leit,"'llmIn iill • if i iig I I I sl~ii'l lilt olrhtit Il lli l•l tills Is!) lllr l ]loligZ i'l migl li ulivndl fl" tlliin,

S•~.!:r - :I i . ol l-Ii t~ill, (ol cln' w: ir<litf l ici'inli::,h d ~t. 11 lit' lh fol-
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loms N1ili tillue tiraisis•.iSoi "'lhis is Red Lxealdr.
tUri inl" oit() (degre,'s. o.u' .- v, wil'h he
makes at the aitimal turning altitude.

TIhlle other airi'iaft start tils tr7n, rot on (III-
tude, bin h ti,y tiud i, tlri'al behin[d the lelader-
that is. one 1in i titt after each other. Eaach pilot
should miliotlilir hils tiirniifig so thlat, if a pilot
misses the leadeC', transwission, IIc can take his
timing from the next aircraft ahead. lxact
specified airspeedi must be maintained during this

A fter tilis tilri, each aircraft starts to homn

into gate. It does not hiatvte to IIaIlintalinl a spec- being used for this purpose, pilots switch to this
flel tri'ick into gate, bilt it should he (iln the re- frequency when the ramp is sighted. (If the final
('OVdlV t aOnf-s( tter liimiigr gate. Aircraft should approach is beinig lontihioretl or controlled by the

rew'li Iiii altitude of 400 feet befort, arriving l ('('A fintal ýontroller, lie should uise the ramtiil
gate. If it develops that ai given typie of air- hiomier traliSnmitter so that the pilot can use his
eraft Colisistetnl Iv iSSUS galte ait a higher altitulde, A1RA-25.)
or if it vinlsistiit I y h as a long drag to gate aut 40(l I'lTe divisions remaining onl top ai(lj ust their
feet, the height of the 18W0 tiurn should be orbits to stirt their letdown two Iinutes after the
ad ju.,stI. last pilot of the precedinig flight. has commenced

L'etdlowvi speed is mlaintained(l until gate is his letdiown. Xpplnoici ('oli tol Itmay hold divi-
reaiched. At gate, tile pilot switc(-hes to tihe ranimp siois at altitude if necessary.
homer frequuency, i.11dl liOIIIes diriectlV to thP FiLinii).
After p~tsiilg gaite, le lowers wheels, flaps, a1it4 APPROACH CONTROL SYSTEMS
hook tild re(hltces s•ie•id to the final approach
speed. "I'lce se(jlel(ce for reduicing speed, and low- Two special control s.y.stems have beeni (level-

ering the wheel.s itll hip)s. depecnids oil aircraft olied to provide rauhlr as.istaivnce for carrier air-
type, hUt it is tes

0 1i tliiinl that tthe sequelce lie nuitde craft recovery operations during instrument or

nuii form Hti e(.iil partic ular type, nllir.ginaidl Weithtr. r I 'lIheCS two svstenllis are (Currier

A.ii'rtiLft home into tihe lalr p until high in- ('ontrolled Appiroacli (('('A) ll(] the Hlooker
tensity light iin l and Ithe carri'el' Ielomllie visildle. C'ontiotl. 'h'est, two Systtelnis iu'e ;4i1iihni" ill ('orl-

h'lt pilit shlould ihieli ol, li is hoodil nlid e reiady c,'it, bit hlty diffel ill euiii I l Ieiit alili idl')'trhieires.
for lauidililg :ilnmrl . 'lh, filtl aplproa;cihi cai ble 'I'lie ('Carie ( 'ontriolled Ailn'olidh System re-
.(iiitI'0rlhiI bNy till l' ,( iitiln-ir (111 e r1 Milli) ]i0lit'l' (jililes ra'idl etuili nll lit hinviig a high level of

or tilte to evl freit, lieay. If tin, hla tel" flequlni,'v is i('tIlliti ' Mlid resoltion fiidl( speciilly trlined nlil'-

crflit t'oljtl'olll5t, ranid rlldilr oil-litrilS. 'lie lIlooker
sv}'klell rl lclil o,, pt.• lltrvc l,( radailr e~qlillp lelint iulll

fwelr peersolinel tl:1ui the ('('A .'itenlii, but it (•,1ts

,lit lil•e t ill-w',athli'r •olllrol rittil ieit S as 'tolli-

plethly i- ('('A. 'ile ]hooker systeiln is siitablde

wl'l.,r i the tri'liji Ic ( iqlViIIIr'lit. iti'lr light alid wvhlele

CCA PROCEDURE

'('A is •still Ill the d-.voIilliltt Astlge a dlid ew

St'ltlliilllilt aiid til'li' plijt)te'lls Ilt' being workvd

o it. o ', ( ( '.\ is lillt'ilIN ploviig it.slf i to
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lie aLI etlecti Ie opelrat iolial .-. týel. II ((CA, Col- Whlml the flight reaL hi-e the (II-ited ipositioni,

tril of iaircraft Is bei0 g divided into fo.ur oper- the lPickup) (Controller (orders it to orl-it. At a
atioitml funi'tioini-lii'kuil), traflic, fiiial, and wave- conivenlient tie, lie relav-' the fol lowwing infortla-

" eOtt. tioltl to th+e ftili t i

'IlTe follo,%ii~g are the S-tep ill a stralrlit-ill I. sea-level altnllietel' 'ettil"i.

aliproic'l wNith (V'(A'. It l)pe'Ilits tiil'cift to lati(l 2. Force ill. direct ion of surface w\iiids.
ill the shortest possible intervals an1d is 8apditable 3. W• athel+r el lOlte tof )tier.
to 'aliott.s types of alicia it. (See l."ihte n25-..) 4. Ship's in-agnetic leadll.

,-- 5. ]Ranuuge ttltd bea ritn of flighut frlol cattrrier.
Pickup TIhle Pltk0irl) ( trittoiler get., the lanidinig order

A, ill illighit colntalcts the Pickup (' o l- \ shl ntbet frnn the flight 1 elie. As soon

trtoler 1is sot-ii a 1:tp'ticabhle. 'Ilie Pickiti (Coll- :is retditiolls petrtiit. lite vectors the first division
troller mnl s :k tadatrsc(i)e to pick i)p andl identify ili the latiiliuig iiioler to the lbreakupI lmoint. When
etl'ttll'lill•ii, h- .its. Ile vl 'Itmt. tilt- flight to :1 p)ost. the (li'iSiiol ;kl)j l1'io IChI(-" the br'eaIkupi poinlt. the

tioli isterli of llhe cariiei at al altituidte whereit the lei'kti) ('ontroller gives it . \'e<_Ctor that is the
flight il tiiaiuitaltil eotitait flyitig. The (listalice recipr(ocal ]lbtdilig of the aplpruoach lld t orders it
anid rii-ige 'tsteirn are vtarille nml ate determined to liSstlnOe it left or right e(,heloin as applicable.
ibN theit :altitude 1 ,f t li high t. The IM scopie used Whteli tile divisioil leader reports the echelonl
-by the Pic'kup ( 'otrioller is (.talibrated to take (-are formed, the controller orders the lelder to break
of altititlds fio!,ll Il) to :8',1m( ) feet. oitl and asIligmS him at vec.tor. ]v'Iry 20 seconds hle

CONTROL TRAFFIC CONTROL

--- 600 Yos.

WAVEFF N CONTROLL

BEOIN HIGH SPEED LETDOWN

ORBIT

5,000-

30,000

Figure 25-8. Straight-in approach, CCA
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WIND

TURN 90 LIFT tO COURSE CMOS4WIND LET TURN

ALT. JAW A.S. 120 K.\ ALT. M AS. 120 IL
" v.ORT CUIEMNT HEADING, ALT. AND AS.. AT •IREUENT IrTIALS

DESCED TOCONTROLLER LIKELY
11 %AND OLD40V mi.OVTTO LOSE CONTACTEB&.AUS! OF CENTER

EXPAND. LEFT TURN
Ml. CH)TSHOULD 94 TIMED IF

SMI. OUTT THE IILIP 1S LOST -
AP""AN M"ASOUT 30 S&COINOS

AND HOLD wAND ALT.\ AFTER AIRCRAFT

PASSES SEAM

FINAL LANDING I Ml. 0OT

COCKPIT CHECK ALT. 150', 90 K. PRELIMINARY COCK-
PIT CHECK F.OR LAND.S~ING $$° -- 40" OFF

S~WIND ALTITUDE SW',

11/ MI. 04UT ••O10

ALT. 200, 90 K.ALTECO' 90 .• •• • i•HOLDING AREA

ALT 30, "0 K. INITIAL HIGH CONTACT

2 MILES OUT ALT. 230', 90 V.. 4.6 MILrS .ROM CARIE

Figure 25-9. Standard hooker approach.

,)r'(h'r•~1( blv)h 'r:i''V:ftt. Ir'lk (d)t mtl, id ', ]ivt" 611 111 ';tm.* (If e'xc'v-.'i ve ol\'' l's orv:i f,,isled (hck,

hptr.I to u-h-tr :I filw t dl.ci•.lt ; idil s I"tiI t, m lltIvI, re'ml.' t - "' m':t lv." III till." w laY, thOwt is (illUmIg I

rad.,io ' l 1' v t ' l lir(d l . ' 'lil hiilt ' I , ()f :I fo ld ed de, k .

I I f'' l' lit , 'i•l'H ilivi-I m , ll :-11 t ' 1'1 ill 111t111,1'• WlI tilt ]-itc. iitill' ;i'ultf . ; ll from lltlith ]'],-kill
It) O S1v' C.+f Ir lr, i,( ',r d r, Ih,n' (")I.:, I.i lht.r I,. flit, 'j)-allic' ( m I fiH lh l- 1. P dol vit'.1

thl' T ,","Ii' ll 'l t'lhl' r Ili flitt, :tii.ill td il.l" d.kli' -Traffi Control vul . 'm IM 'I 1r tl"('. tI I •t r •,i -

T I% . J Pr t l i ' 1 1( d v ,1 1rI ~ r . : 1 1 1 . ,t n wd• , ' , . .i • • , l i t tl Y i f)II." I ( Pi c k u lCk l i ( h : H . ( , ý ,m d i ,t,- q .s t s fI 'm -
ih111 t,, 11it l ivtl il., 11 111- PIIH kIi•. pI C(' ,I ,,) vIh.r. Ih•v.u iii Il m.. llV, ,li~ • [)I] hI:. llt-f I 'li.-• l~ I;•s I o he

""'l 1.r 1 %%,(I• , 'I -lr; tti ('fo ,I .• . i:,ll , 1, 11l :.,.. Ih 'I .. l1i1 . ( C ,vntr-dlh .r II1v pIfl(,t l v 1111.'1) I i•,• h i c'd l,

;t -I, v 'l rill , r I •m- ' I-r :11 1 I I ' ,-I of' hI.Iic •; it , illt-(',,I,-
. . . . . . . . . . . . .. . . .i. . .l. . . . . . . ..Ivh r : l l ' : i ',l l, flit, ". ;

I~ ', il )H ,;il ', ln ip lll ' l v :irqw ] . H ' ,:. , n IiVi''l l i l '\.l' I'lolllllh/. ( A nI hri' -e, t.ý Im,., h ih.,f
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evenly spaced, apprloximately one minute apart.
To do this, he nitay have to order individual air-
craft to increase or decrease speed by up to "20
knots. If two aircraft get dangerously close, lie

orders one of them to pull Ill) and vec'tors him out
of the ]tile of traflfic. As conditions permit, lie
vectors waved-cll air-craft back into the line of
traffic.

h'lie pilots prepare to make the letdown to from the carrier, tfhe Final (7otroller checks
2,001) feet. I Ipon reaching 2.1)00 feet. lie reduces whether the LSO gives "contact.." If the contact
hils r'te of desr-etr to 5mI) fprl awl slows down to is given before minii mturn range or if deviation is
approaar speed. hlre 'lrafli. ('olntrolhIr instructs be'yond the limits of a successful approach, he
the pilot to descend to 500 feet and gives him a gives tile pilot a wave-off and instructs him to
ccmplete landing chieck-ofl list. When tire air'- climb to 400 feet and call the Wave-Off ('ontroller
craft rearches point B i F'igur-e 25-,,), tire 'I'r-oflic oni the assigned radio channel.
('otitroller- itstru,.ts the pilot to swilch ito arrother Du ring CCA operations, the IS( ) guards the
radio r-hauiel and call the Final ('ontroller. radio channel of the closest aircraft oil Final rIp-

In crase of a fouled deck, tire Tratti, ('ontroller proach. He observes the aircraft descending on
irlreliatelyv 'Irlders tire aircraft to resume art alti- final aplp'oach and gives warxnintg of dangerous
tude ;,above tihe ovetcrast and vectors therii iri a otr n- altitudes, airspeeds. and hazards of collision.
trolled square nit virious altitldes irilr the derok When the aircraft. is 500 yards astern antI sight
is readv. If tile airran-ft are below 5,0t111 feet when conthirt is inade, he -ays, "LSO contact on his
tthe deck be'oirues fouled, tihe T'ratic ('outroller assigned radio clrannel." Front this time on, the
keeps themi urtdut' positive control rnd does not aircraft is tinder the control of the LSO. He
serIl thetil to tile lop of tile overcast. Thie 'l'rraflic notifies the Fiaril Controller by lightt system or
('orrtrolletr must have air-raft rerdy to turn over to by telephone when lie has vistial contact. lie also
tIe Final ('ontroller imitdli ttcly after the deck passes his Comments concerning tire pa.,s to the
i- cleared. Final Controller. He waves pilots off by radio or

Final Control visually whenever it is atpparent that continua-
tion of the approach is dangerous or undesirable.

TIre Fital ('ontroller takes over tiltr individual
uti-'raft fromti t- ' 'l'-allic ('oitrollcr arltd contriols Wave Off

thIeti Otte Lt a liltllt. ()It swit,'liirig to tile t-radio If tire pilot has received it wave-off ori has
rhraitrel for firual conrort tltIe pilot gives Ilis (-all, taken a wave-off himself, lie switche!: to the Wtve-
wrdirg Int riy iddititoll ittforItltion that Off ()orrtr'ller ott the assigneud iltianntel. It is op-
IIIg]It ItIe t lit' safety ,'f tire :nit'oa,-h. 'Fire v"itrI tionIal whether tIre iwave.ofl is to starboard or port.
('oritroller r'knrowledlve tils t:i,•itrsi-on and il- ()nee th-e pilot has iptsswd the carrier', he assumies
st rirts thIe pilot to acknowledge no furitler |ra-is- a headilltg rehlrtive to tile coArSe. AS (10l1 as l•X'
rriissi'ri. 'Il'lie. i,,l ('out rlle, ilL rte hite-rrft truril -III calls tilhe WVave-()fl ('ontrollr- and gives
down as in ; 'A. hirs hiririg. altitude and, if pos.ible. Ilis apllroxi-

lIe I'r•pIr-s to OtWe Iilot when tlt' rilr-irruft is att tirate positio-r fromr tilt, carrier. If joi.silble, the
distllrre!-s of "t .. mihlis, 2 tih~s. rj, rills, I ttile, Wave-Olf (,'ol rollhr avoids rssIgirigtit' a-r'rft. to
1-, rItile, !(11 Vl'rils, 801i Yard(s, 1100 V . ;5)0 yvarlds. altil lides above 5.00 feet nit- ilr *I) lh veri'ast. Once
Slining tlis trl, ,e, lic' gin-u's tli- pilot rssIr t o' of Ibe1' pilot is b-low tile w\vatt tr Irild is. fl.yinlg corn-
.l• ii,' itii- c t' e-'l' e' vt 1 t' t-s is ltlil ed to tilt., hre is kept conita't. If tht-re ntu' I ni ny-m 'VrrVe-
tliiiiiitiitih li ptroper apir-clir tIn-k. lie tells lith ots. the \Vave-(t' ('oltrollehr issigri. t'1 nit-
pilot to) start his. duhs-trt1 l 2.-t), fpti wnid rlt 'aih i 'raft t..a , 5 ritiit(' iii) it leh. lie vVictor's w ta\'Vd-0l'
tiile giwis IlIe pilot :a -emirnder of' lit(' iro.i i. al!i- aict-ift in it 'n-t-t, iru-k l•iii) ern tin t i hey 'ann

4rql. Vn'lcri tin' %titeinft hcae-l li rt SO)l \-ar'ils lie vectored back to itnil rtlip•rorhi.

25-13
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WIND

STAND Iy FOR LSO

____ APPROACH SPEWD AND ALT.

1 W ALT.

1 W 200' ALT.

2 250' ALT.

300' ALI.

3 400', 90K, FINAL COCKPIT CHECK

.- _ LET DOWN TO 40

__... -SO0' ALT. 120K PRELIMINARY COCKPIT CHECK FOR LANDING

LEAVE ORBIT HEADING $00' ALT. 120K

HOLDING

ARI-A

Figure 25-10. Straight-in Hooker approach

HOOKER CONTROL ,lso by tile Airh Controller in (CIC. "l1hi1 position

is ait a rllge (If about 6 mileh's. Here tile aircr('aft
H(Kr Contrl.) W-was evolved to li r~cov'er'y :'i stacked iTT ii stanp.Ilrll'd 'lte tuir'ni oil it.

ill ill-.tr'ulitilt- ol' ) ir n i l| l ilit] coi'()i tion-s. it il loot ;IS 'T'he it (rc ift, to be Itriled vs .,(ectoi'edl toward

('coll)ih'te Is. (C(A. ulit clin 54'!'\'I' satisfact('tOrily the s•lp i) by" tile Hoo<k(er C(ontroller' so);IS to p]'•.

ws ura'I triitlh' I'C~jl~i'eIqi''lt'ltl l' . light. it'l 'er arte we I CHo t- I il1vh1 off the stlalrol'i d (Ill t't('r of the car-

JIIx4ket' :!lj)p o:tI'(, .'s- -tht- Stat l(lll'fi 111111 tlII' Jl'ur at ill jiltitlde (of mo(0 f '(vt ;.li| Ii SS•'e I of 1'20)
StItaiilht-I I. 'TIli(, ' 1t:li']im- Hooker' A 1 proac'h kiiots. here t li airc'raft is ve(tored 3•,."` to 40'

takt,-• ]longer thmil thle Striiight-In Hlooker Ap- fri'lh tile die('I iloll of tho, trle(, willl]. pilrlillel to the
pIro-,i hut i., bettti stilted to, plol.' we'alther ('(cdi- itiral l]eg at ;in altitud', of 500lO feet. '1'li.s allows
tho46,1. ''l.,i' Slr;tghi(-IJn Ilookri A\ulor;,'i Is like thle. Io,-ke'r ('lCottroille' to ('110k drift, Whl]ile oilI

thii filial 1)li;s(' (of the ,•ntoilII'drI looker Alprom-h this leg t il pilot i, ;also lii'th ' ted to go over his

but is Ill(rt, v' ('i('iit. pl' ,li mImit'•"' i ('heck-oi" list.

S t a n d a r d H o o k e r A p p r o a c h h e v, t l I , k ( ' llt 1 0, , l l ' ( l I 1 1( ' 6' v i t o fI ti l1 1 t f l l' l f

Ill t'll ,;tlul o id tl hih lik .r' .lA dlprfmcl1'h ( l1111. 11i.r Nhl d t hll. '1'1 f t , i s l tol v oil to :i d (m '111•ill
•,•" ~ ~ ~ ~ f a)• l(•l/ll•• ;i" l't•{' I'V v'ctolz'i'd hv C H I( to t' 11> ' ) { :1 1l!c;I(llll•. 11l;tt pI)Il'ue:- the. mll I(,;ikfl ()1 tilt-

it posi]t]()l o.ll th sill' •.li )'ý- .l (-lI~ i i~ ' [l lil{''\•]llt r(wij r 'l port tilt 1u*'C •'t-'r , '(fli',' l 'hW.. trIL'k

t h e.' ' ( l ll xl } ~ •ie p t w [i d h r s u r v e ,i l l a t i 'e , I i v ( h e ' H o o) k e 'r ip l 1s • , .,, ;t) . l~ l~ 1 1 ." , 1 1 ih ' . o ) [ i l td w 1 )( 'I t b v it ll l o f t i l t -
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", feet. ai'd :rppr r. '.a ('1(" I( r ;i (.wiitllvih kee•,1  tihe

I W Iri rIle iw i craift is level. thIr pI t II iii- "tack tmiler -,mrveilhair,..

i'et'le, t,, littif,,ti the h1n:1: oikj•it ilt ,ii i i'hek. W hen Ihlit, airc'r~ift et Iet:w 
1l ftimi tire sI ;•k,

lIe i- ti- ' I, tl , It des-I'VnI to :111d il:li lt:till :',0O the Ilooker (Oi roltrlt grz -cs tiie pilot Ils lltill-

fte; l II ., i.. h ( tillte fiiial rliiit•,riil lg. \\ici , eter mettilng rind nI elinin t:1,i I ,ii le'g hel; liri.

Bý -'I, to, :, 1leh. iin iit hI-,._ olt and to 1W to the l .t- instrt'u ts 1,-1h r to devillid to ) Si fete l :1 ri cl-

ri! I It Ii tllh i, r el'erV CIIrI•e. "l'hii iset atffords d cnt the prlnlilhiini v la:ilinti i.(ickpit r.beck.

tie pilt , i r1•:xilnrIIii visiiltY iii t i the diiectiu of rWhen tie it rcraft is ý-.-tedi N r tire th r.-se of tie
t-e •ll o1 .1 1AI t thi I ie Wlit e. aIllow. tie IV it ra':kft final le ;It m i lt l riroxirathely 4 riIjt-. froir tire eatr-

to l N i t I l' 11lo it f i st, III I I it;I eI I I I Ithe I I I o IIt 1 ierIIV Ie It t ir p it to I et tir I I t' arIII idtro

Ieh 'k i I I , i e i' -v I 'I v,,nk I eI tie I:InIIii .,r,. vier Ihe.rt it Irid I - , I-e-Itee1 to :ri n1:11 :11 I IIIt :1 hi feet. I

I t 1e 1 1. i :itt I is te ildii, tire 11 inal eI it a .l ee I of At 8• oiles, lit lireet's til' Iihdt ti re1) Il 'e s ee'I I
!III k]. t5 . tilt I•Iki - ('or -oli'l 1ei-r dil'e ts it to d1- ti 4 t) •.•kits :;ril to dev--eirlld iH) ',() f,t•tio i TI iirerl,

11i 1 1 i .•.t , iliii'e't' tIo ml :rititiiile of 1011 to :ni :rititi le. ,,f ].-i)I "f et. "'l* i. [ tr'lllt- tile ploI)t

feet ''l~ii - li-, irlr.r ifl - tIre liie to etiif-llis- to e-tlrli.-r ah ;I tllper power 'ettlilri :11) rte of

to ,ih".ii:riie rite (if diesierlt :ntl o tIrI[ till liest duesce:t. After tire rircrafl chlieS f•i,• a it.htArtie
,iwer s'tt it.g filr the ;rI[pia,'h1. of 21, t, llie. tire ctir roller :1iio cirtiles e'adh I,,'

Straight-in Hooker Approach IIrile to tire IhwIt ar Id !rIc'ts hII it tu( Iss-ii1re thIe

'l' 1,c . -ll-it ll,,,,kur A. )l,(i~ a (-'i . :Vi-nl relrach '-leerid aird lite .lItIilti ; t it uide. "W lhen
liii Str1lugilt iii Ilnie I 1i1iimuirir ( Fig. l.-ii 111a1 .il r a k is h lit I :r\\ 1V, (l)t tiittntt tite hihurt

""lit |i |. iit ti- ite ellintIt. )n lii o1(1 l" Irri ,il. I t d Ih ' mn ,to I •e I ot t ta' l Ir L Iv( ) is t ll c.

"i ,p mol r l I l,,itil,,,-u d ,- r \l,,- I " w e;ilf th' ' tieh. I f tire ihit au tr m at estrirlu rh i i.rl 'i lintr ht,

i 'lre I•Str u•irt-iur looker upllroach starts It ire sirrh] ttke .i, ritoirt ii .eo. rr' 'liir

I tir II ,• jg i, Ia I- , stir k w i clI i.s Ir t it aiulu, xi- aIIleo:,I I1f IrIe shi IIp to ;.I(t fuet oil tie tirlle leg, rtd---

'imela t G liii i 'o oir tire hurt (Itll'rtet of I i 'l carrier. I11. 'l'le i v lloker ((mitrtiller will tl ireI liteCt him

Tlie aircralftI) ito1 hiilned is \ectoo 'd to the ship into ) Stllfard llolk,. Approach or will retiri
on tire final le•g hratlui whicir B.,÷ to 4ti° to the aircraft to tile lstil

I 2_1
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PILOT ANALYSI S,

11111 Il t,,'till't 'I'*ili ' i\i ti ii I i,. t!i,+ , i, ,ti .,:tt i ., t ,.',, t lls i i li, • .ill ,•

, - l, ' I r i i t i ' lu 'l ix I ' CvtiWr I..t ., i'/1,].il l|'1 , 
1  

• ii- tI i ,ll I•wii : \:1. 'i t i- ,]' it .- ii-

,, ! f . u :li ,i, :,1 1 } I- !- I,•' -:' . ' t,' li' t ill-t iii 'll:tii I ii' "it' ntis)l ' ii \t:llihtii i¾l" \ ii rI :ln t Itille i I i{ i lt}i~ li l I'

s'I "; "11 v s"It, I"-il/ l /,f If tiittl: M I i \(I !. Iii -xv (,I a xx ':I itt1 "roi'

S- . . . : + + '{ . + t It "*I - ' i i t lii ii I rI''t, iv t '-'l<) ,i ,' ,] ,i / ,". ,1 i-i, t .' l< l .2il:l l t'il+ ! .lit 11t1.l

ill.' ' I IvI: 1 - I %t%', Ili i ' it i I Iiitt.i*. t•li t - Iill iii). -

(. i ; ('.- i:w ,,1il ii ,ll- iiiitii ' tl t l',,,' :tut-'., ,.

l i'. ;x' i't ,i : ,' I i; i f i I i i • i i il I it I i! : t t;• n•l' , u ,'11111'n , + ; i . •l t~ l \ I '': t ,! , h \ ' ~ t u

',,,'+ ,:•,; ,i, I" ' , t+ , I I i~ i it l I, ' it w •''t: t li' i' tilt it; it.: il tl ;• 1 ' " + + +Sh oli- 1-;1 :1.r clvv -)

hiw * ' i I' - .c x'+I '' i . '" i l ' i , " x ll ik x x iii :it "-

1I- , i . '. t, l '']I_ C t p.i]'.1.t .v lw.l ' rl. Ir , t .

h ,'l 't ', +' I .\ ',, i, + ,'1i- ',,1.4 11u l :ig h-, n, l,' t t i . : i+t- gi l <, ,. :111 ,pic.• ' ti m .l h(,1 1'p pi rl 11c\'h .1t

, , + + I w t i,• l,, i, l.; i- -I .. ' N c ;,I~ o -il t;i t ll],n+ \. ]t t t l 1 *11 !V. f i J !V:. +,. ' + l t ,,i . ; , l i - t lult' I -tl<• l t, l p '+t'•

I•.•:/• 'l~~ ~'i:1 i" I i,; '' i\( " \rý. r V Ii d ; I t II .",:- : ,- 11;"\V '' I W 11 it'l'. It I., I11 ': ' l tl()d(l l lH l i 'tt+ ,

• . .- !',V~tl ",I lil. .h. iil, t ' +, , u ri ,th :Ili[. ', t ; t! . lil, 44] IL I, . m,"t ht:, i, t ,ll it .• : • , I) \ ' l llll. i ' i

t,,.::-~~ ~~~~~~ ~~~~~~~~~ 'I,, Ih• ',ll~ ' ; %Ntl Illl Ill•"' I-'! ~ u i. it t<'• t.r-. \ )i i it l• • li ci't' I I I~,

:" ,i '" ~ ~ ~ ~ ~ ~ W .(: • : : • I I, I ' + l ' ' )!I tI tI' i I; I!I c' ; Illr , 1t-. \ i t l' :• ( 4 1' 1' I I I ;] l~ 1 11 i~ t'r ! ,i : I]'I>

I~~~ ~ oi• 11':+r.l lik ili aii IIh iI' \1'11\ f:'1. 1'm1 \%till;l'•

i,~~I l1,,\.+Jt iIi* li;,.. O'.wtN+,+; • lit,< ,h .. w i-:,11r I- ltt't,,

.. ,,•~~w c k.,:,\t1 ,,w4 ;.;,., ;if<rt lilt. it.• -+lt~
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lo- llii )il vwetutlr ~itinp available at- somec ail- where ft(e ssurfane teinperatlire is below freezing'

plirti. ef i t ienlforimit ian they p~rovide: p)lottedi ), "11. 1,." D~otted lines~ ( tl~it iei 1- and1(

sx )tt::ils 140t 1-f~ilce n aloft. 7.is IE) ax 1 'lfilvn. lill' fovli jwt' c-l mrX - ())- iV t 'I'ls ed v

per flir 'Maps or (olito'nr ('hartits). whicih shmv the gi11,01p of charts to cover the ]text five tlavs. OnI

t~ilie, (of tile V0lli'III' Prit-1iil levels evxeePt iit 30tth1 of thel 1ill41t 0. timerk i' a ~lt:vfo ie(l't ilial-Il

tiled ý%p lhlW11it1 141 div h1l-0lti prit''llel4 Ievv!ý aret group. 1'.xft~mlid forclerkstsi. 1Il §00 fil)4 111 oilltItll's.

I SIio%0 Niii (Irtu 1S,5uie. ofi dtirtz.idv areS' tot lipr iur ans preipx a oi0 110 rll. :[ilp inipal low

- i l in h n redait of*4l feet Ili lTh e l (toil- a~lid i ollls 1)1 husll ccnltl \Ililt(] livi i 'll 4(14) (41

154c I II leel h ia I I ;45,O{ feet I()\\" tMost 4,) )* itii if l theitit ).sm l c at r. 1ýu

lill..t~ ~ ~ ~ ~ ~ ~ ~~~~~l (ilt llo 4jlorleII Jl I414 t 1114' l hoer ll tasiills chapter, bu1 theiv ;Irca

I,1t 1 ýte; cwit Ii f~il e e Ifj. " i ti'i ll~v - 1 ila ll 1'44i11t4iJlte ), 11flit tle 11te t o Iit' oI4'reaits lul foe

7tjl 11)lt m al, I hil t ('.(mm Iltes ri iit ithen " with) o cal v o-lhi\e ;IU i f Icý lIgI diail ig olil(

f\iwtig tha It lisriv: d lac i coor S IT illt

4. 11 fill) .\14 t ( fee~ts (((11(11 t WpI cW rýlit call Ilit OlSv . lit-idata hiv1,f allt such faesiiiiii

('k-III.N.1 r

Yi~ ~:~ ii~iii ii~:ol~i>ilttiihe evtlsip t Islit'rak and~Q~ the'i telul (Ill rtports twleiore

of l in s lit 1 vIon-. ilinle caslI flit the11 fariioie( rout S U R F A C Est ViT ERl M APS

tilt,1 atlil14 tilr folio~~is 1t 11.\ Ili- chl ila1111

4. lijiý lof Clirt (( witcaled ilm \\ -1tI~r c ndiion . (cliial-vallsuc f 26-3il
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~~t lik .c l!.T he I'l)V. 1tI&~ hItd pli tl ht'. o HIcI cof pirtit o.

tldcl 1

f e1- 1l o 4 mt.'IWi r oItltpe p"1t l 11d t

Il I - i.-'.,I-,il ; v l w o l ' t l~i )1 l tIr o 111i

w. ~ ~ ~ ~ ~ ~ ~ E k L311141( 1vAI I l, lII' I

li~~~~~ ~ ~ ~ ~ I l v Il II II( i, I tII- I I wi X\Uc 1t- .11 11 tIIc IiIIl

p.I. 1 v 1 ý I11,)1 111- I / /,( I I q I f 1 1 1 ' v vIIIv .l (,II et,, f - II -'

I II -I- I:[I tI'Il a IV 11 l , a v ;II- I I1 :11. : Iv 1111) l' : 11t ctI 1*f

fl II ;1 11 ; H1 v IhlI I l, 1 III IIcI I vI ' -11 1 1 1rpgu v lI cu 1:
w 1, 11 I) Illl ~ t c II e -I 1 1 I

I-:UG UNU 11, NIII11 f v11 1it) hw SIA vII IIIII II i ; it, o ,1 1 11
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W iw 11:I Iwi I, oi-d H LI I(. fi l Il t 4,0 I Iw '-l ,I( " ''. ~ o] d I:I vd 11ollil
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Stlllf;'tl' li(li• 111;i)l'l f& ' l.ll':, tl '1 Ni u re

Il* AII lt dh ar if pl -Ilv deivl i th heol sh]ig iege

,,r t-ur l al .-illih ll.- , ch al ':.•lrt , ,l ,,'d w 'r lill are•. (11 0-1 V I.
fii 111]ONC 11iIIS

P i, m vill'.' 111:if "

slil tlv, of r,,1aliv.lN highl ftIl r' and other.

mlii I , t'l: 'IH I '-It,.. 1 ' ' li ri f ,ll t' 0i1111l I lit

,,,ttlt r i l,. ]lhil.- ;-,iiril-c i l , I t',t')l.llt , :i,,- Figure 26-2. High-press ure cell (anticyclonel
] I i.. m.. R • \ . I d h g_' c. :kil d slr u ._ ih o w in g d ive rg e n cc-

]Im l,,l 11" :[fill \\/z I w tll 11i A .\ -%'iI k];o%\',l tilt

],,tIti- L il it' It ll dllI ~lll fl'\ it li t! ill olllleelce
l , il-V. "F li II ldl -g i l : f l i;, ,.illi l , s ll'f:k ,'t' fl]l!] NsI". 1:1 , i' s Sill, " I i.-h s

\•t'lllil' I•..' fiill; it i .I .llv , ill '-d v. :ilt l4 f ill) i t rvals] . "I'hl, rv'ilitrll of(•:.l t'l lligloli

.%~ p II c1, 'iar "i,'l rimt-d hY, 1111 twr air ,ll liil I-(iiI~ ;11( .,mv's is ilidicalh-d Illiflerl hl hdicl04t.r 11 orl I. 1),

,' ,,ri m ll'tl ld ilhle ccl.tll ml"11( hY' ýIlll'[ ;l', :il' ;It\\rHd~Iiz t ll ll tl, ll Il f .il~ t'l-lf li i llr4

ll , 1•i• , i%\,;1Idl I 1."ig. 2i; ý). .A ý ()wt s.lll'fJ' c;il_ ir '1"F :lilv nn t I l:ilqd Illoi til~l i f d wl fl',-!. 1l~ ]-; s.hm,%Vll bv\

g,, ... il • liI Ilic, Il•,-, 1-vi'l rtl' pl• ',,lid ;lir- Is d rh a w nl ;I vet m,ll f,' l'rm 'I' v tiillI,':%(ll-i thc mil,. i di (,t l l -
ill flmlll ;I},, ,\' 1' , T h - m r iý, r.oolh r mlidl (114'r.l al- Ialli't it is• (..l\pec'h d lo liilokc dilll'ill• Ih , 'lle ol}(m il

i ~ ~~ll,,, k i t,, %ill lltl i~l l .. n t. li tl li ,l it.l i 411g ilh ill; (o ,..\i hlit.-, 'F'l~u-V, l1l11:-1illt' ,i llt': til"\V ll ;1 INMtl 't

}l- evtr 0.-,.l. " :'ii- ;i ligh is ;ll t ltl m (it " of iv'er- ,ol' hss.+ t,i tvI-IYr) dil't-v ii llo Iild I11u ilr lis+o•.) ialvldt

i'l illld A sil>~ l' ', .11- 1ir*ll'1 m tl Ii*itl•• ll~ ll ý-Ysf vll* l i. lllo\ve \v~til l~t.hlin.

IiPl(l1r :i11r ýIlhll .dv'- I, il • ti• lll the' .s.Il mrt. l•.l~ha- r', e(l'I', :1id it Sillfi.i ,\lcv l ltl Il1l11) itsY statii ,

Im\• Ihlilli~lid lY' 1ý. I:m\ ht'walllsi, till. aill- fl'olli aibove'( It Sh ~w~s (-oliditio)ii as• oft itý ve'nl- 'hllg tillie

i.(lll • ](.:;.s lilmýp 111-vll t. Al ]lighl I.-; thi-~l'tfore t, V . '1'. ). fill(] thatl is iir ;. i tr l I1 l:Ilq tilll,,. A.%'P

l I.-ii , v rl ildlv,,•. urtil rl \ 'ol. .ý i .,.1.I fil~l" i, v htil'l. i , ,.,m isidll , 10 w :r, I h ,- hapi -lvlll'i

.\ ] ,l\ i~ .•,•.ii.:,m~lll~ :1-•1ill ll pp~sll]l . fill' s.ilwv(. Ihlial vv,'i'f.In fii f ile,

i :ltl~il _-,! :ii-m llll ii it, hlll tIl he %%Il l lid 4111 ,'.1 ,i ). f , Yl-1\'N I /b '• ,l i,/ t. ( )It it ý-Iil'fli,' \ l'vathv'l'111111)

tl., Iiphd m i- ci.ill ~',.mite .r Ai• i, .\ liv, .sii fiu'c , i.•olfulII ;Ilf'.(, ýlJmvt'd i .1 flbil) ilu m ik:l" thcl'• iil.:ir

i, \vl \pl'. f\I!, l - I~~ •l .41im~l,,_i dl tii llt- ~ ~i~ dlýtillH''lwv l\•wvli sli4o ltll,ý V -ll'i,• ill park'l. of ithe

'i-,iVCi- t~lli .i, ,it'l;Ill-(' o f. i,,-l 0,il(-'milli;1 ltill, I_, s -

l,2.. l i.. r. I.t; f fii , ,• , ll : i ' ~lll h l t r l-"li v" 1 :1 i 'l ml

ill•l•r I \•. i ill, I c.• loll . alld~' e i-It, i , oll • pl- iplila("

,;di •l hit' hin' i l'itl Il 'if- I !,w'I Hi il .11 ) 1, lit-ll At'li r'l' LO

Ill liii 1 Jll , ln ,I" I i ' Itv l 'l \ ;IllIf i- Il']t l- I't1- l ( 1:11 i' lll

lilv :if , I' cl" !(.11,'li ;1 (:illl . '1I'll - Ill';I i s 1, 'l 'lf- .\ :lllld 1- .

11ii11 -fill• Im l'd ,ll , - fll'II:~~'l Ilii, aill- 0o + ~ li~

!i u ll \ , <' i l . '1!, i. ;11>\ if,. ii 1 • Col HVIiII1,1ii

.'ll l' t.ýlit Ill v'lkx i d :llilimlilli m' lv vl'•• i :lllilllllll Figure 26-3. Low-pressure cell (cyclone) showing

Si~l,.',.r,,.\ i* lil Ir li!),ll•!il lil i• ,convergence
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sil- r : I(loI I anll a d i.s (Itil,,le n I Ile rate of" c'luitll• WIVIh thlis knowledge. of fliv tilrection oLf :fit
oft im't"-m v•. per'l ImIl] of Ih'o'izllt~tl ,4b1111 ,'c'. It flow around pl'tvs~slve c it't et rs. Nvilld (Iise'tioll III

]illv .- lit , I mh per lDI wihs oI 4 4 fill) pe' 200 miles. flight above' 3,000 feet oltA) e' u •OI a po(sitive clue

lTIe liit: 'l i' I s t t'ill 'ld 'ln'idic'tl:ll to tile iso- ti) furitheli' in-flight \t'ather. If the wind is dead
Ilar]'s. l.tsl f tIL' It l'-slltv gladi e't Ih ve itstern, tu lo 1t' s ] )%i' I CIT - is Oil Il left, tlil tlie high

i,,-hv ,;iWke, I iSol,:l nI i ti , ýth b ' w:1114, while i oil tihe tight, a rule kliwnii as ilIN" ]-yallot's l,aw.
At.;tIk pr ~u--tre ;ll• I I-c: ul' hl'ara'lel lZed 113 i'ý()- 'F'he imove lilportallt courollary Is th~lt whenm the

Ita's %hliili ;t' esprtad :pl it, 11vl/liig li ght to vari- witid is on the purt benltn o0 port tqualter, .yout are

ah ut'silil'1w witits. headling more)'i-)1" l(e'ss 1 towlaId the cen('lt'l' of any

It Is lItl.,iltl tto.con idi s ot is.loat as if thley well-deiitned low' pre.ture vS'teS il, lievte into all

,topol'.•-:1pal lmlp area of ( l ooer wealLer. 1in0ilarlv, whe• .v.• are
fi"t h' il ly III~•' ' O i lls conceptll, :1 hi h l li~l d wjl rivi g % litl t flo' w%]IIIol 111 ýL,ta 1..t I'm rd livarl of l~o\%,,

bv- i I Iit dvplvI.•h oI. valhle'. "'volt are tedying towa ltd better wt'atlher.

. t tr i-,"l' w ,uhld lie 1 lott valht ..ir I nglvile. t lnd fi t 'roottt, til eltt a 'i af sic.' t' e on with to.ll-nIe-
lidgi.• w , l, It \Iiv w t it, nail,,, il~ln li•'•. "Il'hi. v'<il- v'elh pevd i, v prI~l'r:...lle \ ':-:itlls. 1,i1v coIll\'elrgell'e.

,'',(I)[ hI, UI \ o l ,d-.% b •' iIc rLa• il i h.: il eful, :11 l lift ilig, Il ld.ul , w , lol etI n l duce'm, cl' l d, , Jur im,-

Iii ;,'t ;r, ,t;'s /;w , , ltt.a, 'Ilit'h e Isf it ' It'tt- tio A, Ol tid noliver fin t air li 'est'ls a' dilh telof it'l-

lio.ul bhe\ oll wili tt i ,tI ini. j 'l i a i .d O i t azilil , lit. tI t a Itoh s1'iittjlti 111', if tsrm fl tll.t. ]irollh:ll

,low' t -'s' s i if i' itita r. tp t ai titveuu abovi t about t ,'fatheri is the l ub'sit of te Ilt'u a 'tp teri there-
",1 ) f,jIt \%'illit1" Ili)+%"- ;Ilpp ",oXhllII 'lv A . vL p l hlt i- if- f,,rt(,, orldyA tilt- 1, 1i.lo'ni.m I'll tilt-. we'v tl~ t llc l l) ;I t\ m

th,. i-+,Ilr,i|- ,'l,,,k\ i% t Is lhbo t lIII-- pr ýl~ri,- uit s-,A'.II'IIINs (1011idietrlt't here.

:tridl ctum il- l . c.+\i" allo il Iow, pl výl rc''Llt :-\'>t'llll> l'F lie thl'eve ill<>:., c' i~lloll+ll frl'Hitý, tIi it ",,.,' 0tt lerl

flly Ill 'tlwr l' t t il hlt,.. (i t'CS lilt' is I l'teV l it' iuullu th - i tp of tellipi i all t I''lit.s it't o ld ful(I , v.11liI1l

------ :--- h-,.) .l the-l-lrf'--- tilt ,I'1) (irec- ' lid oc.lu.d... 'r.. .t.. . is... l -.... .n

tioJi c',, s Isih - lit about 1 3(1 aul-h' tonIll'l from the development ('f "waves" oIl a st-lt il-n .
]<, l~ l~v,.-irt•. "'I1*111ý at Iov\' ill Ow• -ýIlri lcv,' it.- f 'l'mH. A• sltim ollail',v frontll lpresells :1 lilte of Ile-

"1",]V,-. \\ill~l\ -',I\I' er I lig tIm art' tile' c -I'lti'l' o~f loa c (lolltIl(ll bteki\cen 1%\%o kir ll .'-. .' ill \\]livtil earl('

1114,. hIo\. :I+l ;I lhigh ll, ]volvv,. \vi~l+.. ( \tik er-il t\'il )"awa til"] llitw+s 'feat irle. mi n r 111 11m . l'tll~ivr t, Ii ltell ert tl'etilt
f'ilroml tiv I-~ltlti~l Im1mi1dity r'hila ,'ltelristic' frlolli tilt- o;the~r. Stil-

'l'11 I:i. 't ttmbnlih c\ A. of :tit' Is Ito llloVe fn'roIl I I t~ifo l\' N frolits u•lntltllv' runl trll |or of, v,'s e-a.st 11ind

]i+•]| ~ ~ ~ ~ ~ ; It r\\ ] te uh''. ., a , .u t highl fill( l•\\ Wes t 1111d l ippeail ,len as. nletrnm lig~. felt ;,mld )I( b l ifeIt.
plv, ýIrp->. v+• Iut-,lil to, di-;al,pvt.kLn. Ill fac't, lit Off ; ]ov. sy' l s. o<pti, m ap (,I' its it solil( blalcvk hl e

Il]e tvqlit<lv) 11c, th i''t It' o litghi h alldi Iow\ centell'rs of \%.Ilh1 Iriatlil.le• oiln v ltsidl. tlti rilat in/g v\ith hienot-
;lily ."gi~ljiiral'lllit for" 11111 v,'l'; lrvat>oll. A t It h ght(.r SII+ l -Vlw 'i )It like' 01llt' fai-ill', i h,11 cllitH.'5 ;ISF shiowiI by

: I ,li i ,'-, 111, \ýve.\ r, Ih ', il+ lt".o i . n'o't' ofl tlw ]"igime 2(;- -1,
i' I'il', ,t ti:1 ml dlh lh 't.- IFthe highl-lo-hm\ ]pruý•.,Illlt .A l m.u , \ti l|is Itsetlf 11 trough, ll . \altlhvy (if

)H %VII,, tlil II ' ()f it ' t, 1 1 the r'ight (if lfý d I 1i '(''t loll o " ]< wI) l'\ .p ,,ssllre, :llq l'tl'nr imIt tIM," l'r ilt. I lH IVl mle' l ytl'I

II, ) %%. Vl lii•, ;ill \ hil i ich ,Ivild to I Ilk\d 'l omHi hnigh It , lic fl t"tl illIiiii is br kll<k ,t illiot ;I s rl' of" w av\e. T 'I'l

I-, lo\\ pIt's.,,HI. cnid illy friltvllillig iparlilhl Io, tilt- h.adingll ori e~ll-o!tl ," A. Slope~t l'I'wc llies it Avarlin frlon•t,;
i.-, ,tr I:tl,jfl't. It hcg/z llilo( follhim :,. r hi~ltli<, cim l ' s(li'."t+ he trl' ilig/ of." \ v -,IIl I p ,lllt hvvoi lv'm w s if ,')Il fronm t.

;t111[, 1 il l l h, l iglh or <)•\A ce'l*'i '•. ;tI~l Ct('lill'+l'tl/gll T ht' \\eni l r o fi < I l ly, \;t\t, I!, thril llfttvd ])A Ilife

lI',t h,,llp. P1,,\1vil l It 'fl,o iV li ~ \:lll tI(VIIL 11o, (It,,l fi'olitli] sili'fnl'ce. n11,d hl, l.,o\% ii~ '' i ll'; I
I• •,Ii' "-pl, il'lv "-fill-. Tvi''tfvl'' A %'i \ I 'it, e i' t I I I Itvp I 1. T il' ' e 'coh l i'ro!ill o (I\' ll:ik ;L•Iw it \\",'i |'l'olil,

:l l~ll'll~l ll~ l l i'i .- :I ltclidvli,'\ f'H •il~l. - + t• iiildl :t prloce'l' <.i cch !•..l.i il talilt,• p~lacet \\0 icrl

;iA l lli1. I !,iw h :ili.1 Ilo \\ 11li1-ý.lli'' 'ti l ' H it, T fj ("le .I coldl :ii1d \%ai Ill frll it l lii I. 'IJ hi,- %\ ;\ (.~t dpvl opt q -

,,i • l I h 'l \\ ;l!•l l• fli~ :l il I ii .. 'it(h' . 1-ii. ' i m", •. , fill" .! hi-', ill :I Irli'qll !i o f1 Ili \ P~l't'

lii iiZ~ '. I+ l' l' -o Ihl:N \%•ilil•k bv.' Iii to, Ih .l li.mli'' lli''l~ ill I lic {Jll:i lilln lt Io I hle •,( tll lliv;i-1 o f
, 1: 1l h m• : i il I I \ I~ l'm > l i 'Ir1' !I l i ' ;I I ' m\ l m " ýil, oii l i ' P I t' l i h Y ~ m i l I V • • i~ l ' ' '+ .
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WBAN WEATHER ANALYSIS SYMBOLS

(1) ANALYSIS FEATURE (11) SYMBOL ON STATION CHARrS (aI) SYMBOL ON CHARTS TO BE
REPRODUCED IN ONE COLOR

COLOR Black and White
I Cold front -surtace* Blue • - • -1* -.

2 Cold fro n!alotl" Blue •' - • • .,,

3 Cold fiont 4Iolt - bo•nrhing surface • • - ' -

4 Cold lront-suzlac9-gojnq aloft A - . A .. A.J

S Warn. front-surface" Red -i -

6 Warm front aloft' Red t%. - /' % " '

"7 Warm lront aloft - bocoming surfac.e Al- \ - " ' -

8 Waim bont -surface -becoming aloft • -

S i ~Red Blure Red Blje Re Red

V10 Qr1.14i.aatAbonary iront-u R l e Blue .d *. a n

Blue ' ' '

11 •) da'- rat-Io urlde'v* Puorple___ ______

12. Uc.chdrd Ironl .ira!* Purple A , A f A ' A

It F.1r3.r . .i resulInqg in the for
r.[,1hr,, o( .j ".i, I:unrir dt tht, surlace b S 0 0 * * * b Blue & .__ .

'1 F u"ra in -.rj nr.iri i efr !It,n q .n tl # hi r I-
-!an oI e wain, iront Al the utrldc, @ 0 e • Rd

V', franlýr., qiqn remulrnq in Ih.- lIr Reid Hiu. td blur, R.d Blue Red BHle R9c
ini•!nnn PI

t 
.aqu.ir i.IhjtIIrary front at the 0 * 0 0 0 9 * * and 1

.urda(ci Blue W "

lI Fr. Fnn..nr.rr,,. rrriul,,,,,r ,n thr, Ior 0 0 0 0 0 0 0 0 Bluc .66 4 . 6 h. .6

rIri.,l A WAMirn VI1tk10 0 0n0 0 0 0 0Redl

Rr. p.s.. 1it,.r R H H R B R H B 1R) R"I Blue Red Blur. Red
.,i.. ry ru,, ,:h 0 0 0 0 0 0 0 0 and d 4Bliue 0B Z7Z:

71" W .,~,-: !r ;1 -1 Ili, -0-t;+ ;z:~

Figure 26-4. WBAN weather analysis symbols
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WBAN WEATHER ANALYSIS SYMBOLS
(Continued';

(I) ANALYSIS FEATURE (II) SYMBOL ON STATION CHARTS (li) SYMBOL ON CHARTS TO BE
REPRODUCED IN ONE COLOR

COLOR Black and White
B B R B B R B R B R B B R B R Red (RI

21 Q.:3%, s. -ion,,herucr fron //////////// t -n - 01- 1-1i
-unde:qo-nq IrcnIolvs,. Blu (R

22 Och!udedorznt a.tthesurface under /Purple - ,-
qo , ., IhontoiII-

23 .,&,d trr.ia!ziit, und~rgcing ioun Blue

S24 Warm ront alot. underq-_:ng fron //e// ////////// R/
tolysis////////// ////

H B B R B k B R B R B R BR B Red (R4
25 Q'.as, st-lcnary lrýnil lol' under / / / / / / / / / / / / / / / / Rnd (R-going itontolys:s //////////////// Blue (Bý

R BB RB R R R P R B R BRB

26 -!cl~u ed '.:--.la lot acf urndarq;oin'- / / / / / / / / P',,pli,, gnt-.• . _ - • - -

front,ý:V,;s

27 Irstabd ,y Ine (non lroni4l hlne
arloný; "wr cI Ui,>r;:Ih e vrdcrct- * * . m :n i• * * • nm% t s
o

t m••ted i1,13 lll!y eXIsIt

28 Trouqh hn,- Brown

29 h ,Iq hnc B:,.:,

3(0, Shear hre or surqe hie - . i m Bsio - a s emsse
;rc~polra •,n5lIsI,

S31 nc of :r.verqpnce

33 :',of,. ,iyo,,j + 4 + + + + Brow, 4- + + + 4- +S33 Center (,I !:tu....ic cvd. ni .... "....i -

141•:. ,ronries- wind K..ru!orl Iý,:fze Bo
5 c: 1I ,inclusive;

4~~ 4r-tnclcCl:(A-' u
J35 iI:e•eI 'J:r-vrI Red 7

NOTES

1 In symbols 1.2 Inclusive. Column I1l, barbs may be separated more than shown, but a continuous line

will always be drawn through the bases of the barbs

2 In symbols 13-18 inclusive, Column III. the barbs will alwa)o be separated and will always be drawn

without a connecting line

3 In symbols 19.26 inclusivo, Column 11, the barbs may be spaced a greater distance than shown here.

but the longlt of the dash betwseen barbs should equal the space beiween the dash and each adjacent

barb

4 In symbol 35. Columns 11 end 1ll, the spacing between the continuous line@ will ennoslly be about 'A

Inch. but may be greater when the Intertropical convorgenne zone is broad.

Figure 26-4A. WBAN weather analysis symbols
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• ,\-lvl,, ;1ý' ill. M ie v ll ill,• .,,,, ,dv] l .,1it -hl .11. It ~ ~ ., l~ ,, v l , a l v :t l• t il l l - l d ! '~

l I ';,(, I V. /1, .I t'i • l I l •, V V V 1 1 k I I ;I I i tl \iI I ' I. v ol,l:- \ i h . l i, ll 'V l, l .- ( l l •. l l l • il l.-

f~, Iti)'V ll l t iv~h.~ ,,, '(.-I fl-t'. Ii Ii,,l l ,l II, i s, d I* •' c n ) I, ] n I Ivr IIII I .oil (

l,-it :I I i.. . v :i t l,-w I~ l, nt ;I f,:l -- "-- :1 1 I l , IJ h 's. Il l ii ' I ' IIe v I(I c ; I I I I %I I I I-I ,' N I f ')n r .I I1 'V-

I 1.-- i 1';,-, ;[);11-k I I . ;It ' aII , i, • t • NI II;IIv , I ,, I It. I'wv t't, I cl %V' I fitl t he cold fn -I ,it I I.1 :1lly -vei' :1.in fI t litv
(..:I,!I A Il H i tllll ]1 1 .1 \ i'l fl )Itl ;11 : _,,I\ vili -lkil,111l. \V;II-III |'l-ollt ill Illlosl ca .'l-(•. Ti'lt' tn'tckl oif the, !o w

:l x ,;l i,,- ~ llI, , l le I• I',,I li,. I : I ,~l :1.\ii;1 it~ l' !'w l h tr iv iii-p~licl'U lm v\\, ,)\ IT :i u )iIl iltlv iltal 1:111ii
, 1, 1 1, ' il :il ll Il :I I l ulac litle li1:il r -t,i I N\ 'Ii li vll '~l i lli',lsý 1 I 'll-IV |i )III Ihlt- \\\'.It.Il •.It , .( llh ,iv -.l Io

"III f:l1'-Ji | l ' llli I- I v '-I l'fi ll'!' 1il:11 1 1I.,>,,k fl I r IIlid -c mt' l tlt i.l t., itl l .I ) fill)i , I "li l w ( l' li ",lst" t() till.

ii ','Itc l,Il~lIwlI I I I l iti-l hI,,l'11 ;1ll k 'i I I, Ii \V Ill I~c 'I l W il 'l ' .Il h , I I\\IIv lit1, ;1 1 ni } t i'cr,,- i c, h ; lI III-
hi , i xI,, i)l I; ;I II 1; -',11 I, , li:l I,, L , : II-i gll' I, r.ie ;il v \% ,,- I I l\. "' l ,I Iw . f W , e .i lli'tII 1c

). l I' l :1 , ,1 1 , I-iIciil p-• l ''i ] ' i'l', I i l N\1! 1i v';i-,( Il it hlI l'l, •i Im v\\ lilllV I~lm v\c li•l') th l li ( 11.lh (wl

lii<•i.•, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s 1ll~ i • i~ ,i~ ll i•i ii l l l ',,l l~ ,. i•i:l111 (,;I-t ý% llld . )I." aliV *v Ililtl-l'ltd:i fvi' ll et' l i' ('I•)II

;. 1i)i• iii 'l,,I-- I II 'ilip~i'l':1illlic )'I~ll' ' itei~ i : ral i I I ,:i( l \' , I. \\w ml-l(I f lleI la ll . .lit i I1 - 1 1 dlh ',,' 148 1.1,
Ii li Il :l.\ ý ,, , Ill Im d h 1,14',1i1. ;,]..1 :iflt 0 I- 1 1 .1.' 1 1, :1i 1 vX 1-lit ill lliv 'l • (dl 1, \m v'i'lill . -I ilf ]lill)ii'h ':iliPt

(lI-- ;'_• Il I I I lilt li ' 1(.1" I l l ,0 1:1lil '0 c'ii:1lI ;.' o \ v i. :i n illt Ivl iowlý ) ll ., 'i'h ii•.. I f :1i 1-i, li •'•1<1-- ~ fi'41ii1 Iic,
ý.l',ItlI(i., I, 'IfI Ikc' Iic. \1 ;itll 1 .fi',ill. I 1ic -I]l'l' I t ' ,w11:1) (Iv'oy it N.f ;II jll (i tIt( l I h t ' , I t li) I ;IJ a .(il l ' :1 1 11A. :tl•

"..;I i t III l IIIl' livt illlll I (d, I ill, lI t;i\ \ N v; I\ ( .l ilr. V 14 1ll't. ti, lh l, frlill l a ndll isý,a( c'liil ' \ ';llt 'l w. N : If r I I lt- c'h'til' 44
;1; i -,) •-Iil ,\• lilt- lh ii,- I1>1-t, i', t ,I I mll- :1 11 ll•1: A t (I l•i alill] V m wll' Il~ l ! I•\' 1'2(10. A s• "1 I'm w1 h1

I ~ ~ ~ ~ t I 1,. 1 v \\ dli Iii-mll If~cl',il \.1li~glilic Iwl•>ill,:114 :1 1:i•.lk I-illi, If h I iiII v ;lw llilit\)()w li.(ý llivr t s- •. I, i( il |

Sl~~~ill' l, i dwi• l• 11% 1I'-1 ii111 lh - mI l w I l vl,. h , -g!dl,.• ')tl , :1 1 'lS ' l li 1 { 1'(, 1i 1 ]Hl ll l~ t l l l sli-i,, .,. l l
l l ,w -I li~ I h ,l p h'il l nId r l e o f1 m oi o nli ) o f l 'l ' i n i t ; l ] : 1 1l 41 I t )\ \ ' p rl ' -'• fil l

•z,, . ,I ,I I .. .. , cilll \dl il' ;I ii )! 1 l lil f iit I I-. s,' 1. 1 1;,s ll i it, w ill Ili et It' cqi l t .'b i t" Ii it vrl;l' (llil l d il

•>'•'ll:!o 'i ; \\ ll' ll fl,Jili . WV iil'lil :Ii-l II;i•. Ili'-v l in ti 'l']p 't' (1 llt i'l l il s

h fl' t'd Iw I' \%vl'Ij i l• fl ,, -;lilt, :1 11 ' 1, • ,~'- i ii1l Ili

hi li'l, i'.• ,l'l~',:iiIIl c,', tilll I•v, I-. 'lli \\;Ilit'l O ther W eather M ap Symnbols

V:I ,'," ,lli ih l, , itl \:i..I :1ili4,1ill1l' c:lliý'-ili1 \\1,14, • /,~ ~k, :1l'C. v\ lilt, v, (if IllW\' )',. t l'' J h ,

>l~~~~~~l•,:lI ~~~ ~ 11 111 ia rl, lii• •i. () ,~i . I Ii ,~ : ll' s-,itpw il 1, v lI Ivio v ditll.li-il lilit,s :il~ [Ilim, ille Il (fp

p li'-i'lil [lict I-';ll~~ ili I ,- ,,I I,.il ' \111 11;•i,] -,~ ~ - i • l,•~ ', ()If f'ilc:iii h,•l iillv flli.ý iý I1

I ',dd i -',ill ' ,Ilt I .lr,;o 1-0 1 ., Ii h- p Ici, , •d- •,l iedI s.ill-fill.iIltl. ai ýI, di, 1,ll\\ ii l l. 11 1 , dvl ilv-:s it

,, .! ,Ililt .. .- l ~ ll 1 :w,, , Ilwl,, ii ll-. lipl wl l i , .. . . l, uli "l' , llýl. Illi c i tl! l lilt- wilY\ ili1 li,':ili1m ) 4,

i1-•1• , •tV lili 1, 11-dl~ ,• fi~ l, l. iAllillc 11-A.l fll-• fl'riw ll;1 (4 1 :1d l :l I rv 1'11liil"ll 1ion . fi~ iii• il l cil•l~l-

,Si l,, • , ,!, I l, i wi, i. I i,, -lit I iw l •~ • ' lil, , -1;1i il jwl'u'•- ill' c' l;il'l,. 111:ll1 ()1) -Iil'rf im . l ii !-

Ill .) .li ,'~ i l i- i cll\ • i , , ~ ~,i- . I \A," I i, l 'F r'i'. • fll. I'li l i ' 'i ' . I i l . .. '! , i I , i ll . , ii l l + i

,l , ii . : !i t,I 11 'i' • l' l ll1.~ f..I i 'l w ' i .. I : 1 ] , \ .il, l'' . ., ;Ii ltc -'ii ...
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___________ -Figure 26-5. Development

4 ....... ,...gof a frontal system from
a wave in a stationary

~' front. Note that the
~K cold front overtakes the

CPý warm front, becoming

*1~. an occluded front

1(44 /ill4yi i:1e1: '-. oiviil 1111 shi(4 11 ('4!114I e14111vie 41 i'r org Aii4I (f te "ve 41 tI we' ftIlvb F tnl lifei :

A~t.4/c,!, Il i ll'(, thiy elilvell hilots (If eloll- CoIlIIIoII III 1114 forl ibl1 0 1110114 P11'(14VIR1 ('flh1i'4

2a~ ~ ~ ~~~~~~~~~~~ti -- lII! :illil.1iv II4h\4l4,.: tI 4 11till'F- 1 I0-om1I44.iu Clilly~ii Zone 4Ii4111V ol'

Ctks:f11 il 0 f4iilveI:IgI %\1f V HIt~'4l fli ll- to 'l~ i i s i tiig ( fl it cll \.ks if(4llc tli~ld Infllt1 oltil.

fj~ (IiV~ I~l>.4't ll4'. III' Iitoildi ifr n ;114W 11 4 VI' lkli ig f vein Ililol g nl.4t1 -1114' e \%4"t S l\4I pt 14-:1

-. f144 t4 hililie (11 FI vY [4 I :4114 1 Y ciI l oss1 ;I A:14 1- liI to4 t i4)lt 1-:1141:0 (140111(1) 44i~ lit-1 ýIIl-io k&' or S4V 1 'lo

.q.. t I W441II.. I'4 IS,.I I (If III N 't % VP11 tI ' V '1V41 Ill()%'I4M g. 1)4411> i ,i t e 4 )11 41 Jill 4114 44 14 1)

t-1i4 riii 'Fl~cI ;I ?vm n ; I'mj1 '4' ~%If' 'liv i ftli1'i1 Itl cimsl fig' l4 t1 'I i t 1441410-14 1 ,114 411 4IIlivilI).

t li''1Th i'' I onli,. > I'Ii f Jill4' vS J'j.44). 24 I. u) 4 , 114 41 I 41 ir Ii' it-%riiig oI.'? 114 W Ill) 1W)j:11411.

rml /l't. /1 . /~ lý (/1 14.4 1 ý1111144111144 I-i( I. IVIhll)4hI'l) tl,141:le lit FVIII W,'411 1141.Id l -p ll :11

1 i ti 4141 e 14" 11 -' , ;f, o illh -llili 111Ii f1 1 m d( i

Jil I26-10d s l f:14 m l -IiI Y:1,ll, ll rl- ll A v lv -g -lt

IiVe .21 .Iv 11-h n
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till et lung thi "•ide l gii ill fct;'i\' it v .lld oc ;it'' l' ll u lio - (is oli, If -h l'' iiit. ct'i: fi•'l. e lslipI v " ,i
fldoefs tmi-les ailp y SuLch of-1titall (liots.. Thlley ar.'e ilihl iiltig t v ptl I .if ILie " fro miit over i lt ot'ta," i -

pilas cli hI- .N Llt't llti'lg l w It ll Ilioif of. ot'v. tlo ttli of flit' Attel ii ( Nditch'.i i' Owtne Ltitj

tih:1. iii ii'e f ic'1the gu 'iii Ul. r ' ohf f llotii lp h l .e suirfatc ' \inirgl it io teir liifig.L

ill- the' lvtue ii d- t fsn L i ci a firiole, or' I,. aiifsa luo (ie ri-ilti'l aiii' li.t :1, l i l ifii l ;lI,

Jimuti tlf li ' itik l llipiair, Iof filiall (ot-i, t. dl it In folit' to th eifi lthl iiitt'ude is o ve' hihtIh' lllf '!, i; f L l it"_

Figt , -2i 64-i . ( itn f fli• t hihiltl Il .t- fori blliack irig nl ih.S. If tih iiie lo if fi is"i. i from'i ill\itlii li•

igi•,it. llei'n iing X 1tvii paiirl f dloli s. tir north if the Arttl i o irl'e, It Is "tigi ni tif

I' plir 1'"r,, aretl frontet11hii 'i)f no i1x i't if h andi i l idhlht, d nli itt lv thi e blelet ter A oe thii , _
tl, .il r - l vl ,,,e f ti,,lc ,l iiI "'11,1c fl."1lil ill ,Ii , I lhw •. lll t , liim pls. .A il, (j,•lig ilj:t~ll Iir ;111V ;it i l ;,i

lint, ll tell ill'lc h t , i ji tit's l; t ilf tl iilihL ti m l(11l•.)'-iti l i le lIf tt' i M' at ir tlt to itl')Illlll ihl t, -tIl(

c 'I l ;te v I N\ it t lI I il iv a I . " i' ll v :li LI I ( l q I I ll i' Ill ! 1 Ill,- ft1 I y I t111 1 hl at l" 1] . ti it of 'i*or lilhjt Ii hNt l" 'i l s~p -ll
filijl) ,I f tIlltf 5,ilhi.. fIl - it iii 1 hit villI i hliiit'i)iN . it l: 'n -tropic't Illt'e , it -tSihca t dt"ur' li :s t ll :to f t :ln

i vIll- o f ,,,', llr'i~ li. "'i,:ilpl•.r flx l. )II ill Ioc:il .- N i-. )(14,111iiiedl 1,\ v il 1-( he ud lo tel' 'F. A It. f1'<,Ili over~l

1i ' h :11, i- : ltrtk ji l1 y 1 f t ilt .- ltm i , l :1i ftil lilll'at i l alt 1i "4tf ts Iis l h'l t t lllie if0l' :itti hr"

l~l, t h i. oll filt ' 2 -I4ii. , -I1:11 , it Is nn PSell :111d i. ,lve lIL I'\.I iii tl the ir e le•t htii:.l
l( t lioin. ofh vis iilol fti i lleite, ilfllat jl'lIilll 1\ l]sf .IL)-fl.-st'5 "f mli r alt' fal- clia.-ih it'il :4i)'iii ilit tit
|"i/ui-c 26 1-) Sliow\• 1 a tVllic'it •,'l'li-ioln. lhvi llt- t pv f lteirl-iln oiver1 \\Iliili Ilhl.I olii-lilte,. If-

J~r•'•,~ fi• ,•;•,tilv fi'•qiiiin'• of :1 lif, l\ |'r'olit Ili t he lii:i.-. (if nill' olIg !Ill:lll,.; ovvl,' :i wa;1t, :1iti.iv , it 1101

t h "l I iiý lg lilt'il li_ of i int X ra liv l. ii in tit'igite l t lY'ilt' d a "t t ii' irlilt e of llt' I 'f ai " :1ti 1l is id tt' 'hil ti -
11il1:11l rell ,iI ' llh .v •in' h(-4 of ;kpi -oplll ktrvlh colorli oill bv tilev h vi l"r M . N1:1il'1 11it. :fit' nl -'ll:1 % ilv ii ,t~|

](i'i](: I S. N.ii,)pi t ll al'li :ii l d o. *• :lll llvl ,i "Y1 I•lv lie iappro•- ,~lll\- il 'lnlill :l1li111l11t oif 'oollili7l-' to ibp 'olliie s,:10 l-
i ~ ~~l-1':il, flt ll .r)li i Symb ls %%-illi spaces bt,:- \l\v n .i li~ l. I'l th.l ~ erefore., Ililore \\'enilherl Is' :tilt to fornm ill

]","•,•,1',//t()I, ()•'il~l~ i f at t'r' lll, isS .". i tlll tllii: t Vl, yp f :till, :i•. 1 iý , de m,,h i 'l ghii t oz. \w heul :1

;ll ti ll ltit 1 ili t'l.h ti it oii-i ... l fit, ii.'li l tlIfi'rt- o ;-lll ]il l'r i -

il.ý SII If ll hYv l'i '_,Ul re 26 4. ilmllel's M e\ n• hl 111] Ill- 'I t , cl is :llh,,] ia t'c lli clitll
S ,D•/f , W m,,yt11 [,1 i h, i., ull~v 14) indicavite rvt- lII]ný. (i,' airi" milnl is idlh itiiiledl h1v ithe lettel.' C.

dl llict n ](Ifof visitlillt v fromil iput~willitaitili orl Obsii'lic'- N•I:Il s-,, olf ýl 1 'i' nr i, -k chlý;Iivil'l aic'o' d'l -l tol
I P ll-lt o \-i~ioll, I,'oir is sh•~\\111i \- v \-4-1l~ • j -h% iliw l o l il t11i,.1 !11 l h tl '~~t \t i li tll

.%ir ~~~~ ~ I( l"tv,;ll illlll~'i~llii iil•. (1 •l' l~~ illlt' ni if" rh v o.lf Ih ti r -t. i•\ l • vh e tol lit" If( tviil-

A II~i:l l' " Mill W ei'l' l 111' i ;I.t I-vll illim pýih ( )I'N,. \. IlS wii l. Ilr f tl I l I trf;. l c lir o *I ' W h rl' lt'l l iili-; filt .l 'fIS pass

inu::• l , I vd > i I s i ll ct] li t o!;i l ilildicnl'.l l fog" SI S_~ll •l ll \il". If it Iliis S o li- Z Is w :1 . •ll1 i \ 11i lim i il , l 'fl

P• l.h :l ()lli o. ]'I'•l~id :111d d, i :i t( iilldh\li \ Iv bro-, w,1 MI,.T Whiich"•ll it.- I 'l ls,, ili .it,• h\ I., hillttu'i % " w ll'll All, I

;•,'l ~11':1 '•](1 il llil tnl ill h-\mll11 i 1) 7 i ,f, / , v! and 1,• •! d" itil fi ed h'Ylll r ll l tlel NV1• (.Slfi a, ldiei I.
; /\\ h en m'• l ] ]fill~l . .\iv il~ l i ;11 lt ,v g v l'l, lieri.tf a~ Ions- (• ln• i fi; Itrl, i, cu ihld i. ii a 'lhl th ill' f c I.."ilial it

\\11e:llt Nl• f.ll' • i" l~l"md'if Ilv I t ell t1X•'ied t 'o il . ý h ilt-Sl t'llg I i, I S) ch l l Ietu 'd ] :1 "cold ilrlh,). "a il i

• i-I il v -n -. I l w I Il sl ( it ' l-u. I, W ,tilt[ i ll t e iv 1.it ]il I 1 o IftI1 1 . I f, Iv r t•~: l

SII f .:it1 .) ill[i I I S1 f.i i _h- m I I l .Ii li I ;It]i, I IIi t N, . b eii'

i ild l r- lt-1 1 ,• Ii ii ý i , i ý Ilihfd d l- .% ll. il Sll' i, l I ':I r-ll c i

,l"-t, w~,i. lll,] t Iu lll r-I ll; i- !' it,.( , iild i, n llt lt it

Ill r•',l o ill Ior l r'I.- i 't:w vt 111:111", \%h']l 1i:i/.:ii'l,, :1 d ll~ nt'R

:i ',, !1:11( n~iiv._ wil, \tll 1ý(-d of, fiwi,'> illivh ,1~t l , 11t . .

:Illi, i ll' t ii'vil, :illd I~ l'l 'l., l il:ill illl) mlv'I• oll i' I-

lii;Sf llltl I,111 ýl'l ltw, liI' o li

• '[•'i hi,:\! •.!ll ;l I riil'lS:. "'Illl.\ h mItSl~ • ldi, li If"\ 11lt, :iill
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Figure 26-6. Radiosonde rising, with balloon, parachute and transmitting instrument
suspended below (left). Radio receiving and automatic recording instrument (right)

I Wit -- I I,:I, il •;]n--4 1;i? ,,l' :11".I4 .() (, ;il' ,8 'h1 ii t i ,.i, ;,1\ miti, , there :1,.1. 14,t-vun . I: it .

144\\ 844:4 it -i cil ii 'i " 'Ivilip-14 i:1 4tgiile 14~i \ 'Iw ( t 11q i. 41: Ill II'm- I I it 'l : i It l :1
i- ' i ,. -ii ,\ 1'. '1' . F: :1!1. 1 tlt-.4 I (j Ir:l :,, J,1 the1 .\,i v,4 -:II ii -

,' ; "- t ,: t ' I f 1i~ i h! ;I} I ' v ,:1 . H l - \p t 1 : 1ro Ih, ) , I~il t ,l ,f t . ('III wl• I, :I I ~!I[ I t h i..:11 (';1 1 "1 I. I l i,'l,

I1,.,/, ~ ~ 't- ,I. I•~ I:. l r - i 't , I,, ] Ih t I •,

UPPER AIR INFORM ATION ,it,,,,, it, \,IIiý. ,l,,4 ,il,,I- ,,I, 1t 1 41lc,

fIt -1442 -4.1 i11 t ()l C I444

141:11:1 ,:1 \% 'i4l-:11 i ' : It ' l' l 444 t lit- tldit f,.\\ 44.1 i ':44I41 j 4- 14 '-l :ti t
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J1, ilk ,_-111 I'L~l: , i g•.. p ,u il ,)qIhl ,11 '1 1)lt1-1t 1h 11li ",1 X% ~ c. • -•.t ',' ItIII. it lllt f(H'.d l-l- ()11 ktl' )'- i-- o( llIll 1,\

Ulq~,F ;il i~t'.,.tit~l, ii..~l:,o .%I]]1 give vollo-r:1 <ater -,i I1li t all itdilu i,.

vt~lllpt~l';It Ir!V, icil_ hle 'vels, (!h lit t,•ls an : l, m:.vS.

Radiosonde Soundings ,l.llI t vl,• , l 4 ml, I 1, 1 ,,l, wii•i.h ' 4i de\ve.lo)tped from

A r44li44-,llh' i4) 1, 1,;i dlo ti, :t1l 1mi ll I-, And \ (It ol, ildiig .4)flen ;,1,1 to S- tSe A B LIT
Dlai', tlaSh 1lnin :- r ,lir• .o dingszk , 'i;I'iitill'I t I ul 1 lil'_-, fIU ll'l l tl'i$ uilt'tl ' ll ilj l ll)t III -th'livlljt

o:li f" ,)" l vI•:. Iirc.tv, l,, III)tr Itll l., :lilt] 11illiii,1il.N. Ili Icari'l ]till\ lip iliterlp li',l S-.l'tic ch ar~t-s. ]If' .\' il ca:ll

T itt tl It . it tt,(I ,I:t t :1 1 rtc It'I\ k( :11ilt I 1rv,:' Irk Ie( I )\ v l--zt. It 1111pl)• t'.:llt ( t :k ;j fl-()I tl 1( t l l vlZ it xri l rI '

:ili ;I II(l Imitt ' I t l~lr~h IIlt' :11 the. ."-ltlftw,'t -,tiltlint. m lt d m v t he~'t t il ic, t i I -']eq1i1re~l to A i't '11s .<l t he st •111it I I s ittt

t,, t I I t t ] elI ( i" I I !fI)1.111 ;11t:1 Il. I. 't l+.r 1" " I .4 ' )lI:l~ o.i( 1 :'q lt im lls.

wtl , r ;,II I, ,, ,ll ,,H ;,I ,- ,,, - 1, 1t,J c\i t :1I l]: \ - ;It

,OIT(UI("IO(ZS, STABILITY

DRta Shown in Upper Air Soundings ''hRllG 6 SMtAlL,- 6f dctvl'l1l1ll1l1_, the .I:llt,
l•:d i(-,I•,v- :11c l o m ' l) tll',I :11It h :I'-t t\\o I t.\ w ý'• Il," ;1" :1 , v\vrý' ill Itle ;lIl111I-pi vre''l c'nilliiot lIW

,ffchl 11,11', -t Il,, I S' . ' . k , -T h.,_A , 1( ) ,l:;rl :1l, ,, II o t.r'Ilv llp:Iý-izvd.( hec;II:t v t' here' iý ;I tli +ec't rtelmtloll-

Oil~, N:,ý v m +\ r{)\ ;U~ tlm. , or X~t\.\ i -14."'"1`. "l'li" !,l~ilt) lh•,t vit'; ýtabiilit\ and Sic]+ {h wtv tlther tp}te, l llm-

V:1 ,,1 , ll~l irt 1l l' ,,fI'llis II v e - '-,'I +r ,ilV + li1l' ,,t el m tl ; 1 , turir l th.ie, c'ho i~l t',pt,-•. ili 1 111{1 4,0l• ')}-

>}Ilollli iht aIide h<, ill"I~t~fv tilt, \'11i ,II:'- lIll !'>" f Iv"tI I ([Iiti v.. It il;1ý I'velu ý.]•tmllI thu t tim the d I'-l tv of

;it" tti i ]t-rop t-l t ll ,, ,Il"c\ ip will i v.c It hI l, (I m ;l~ 't ý.tiloi it.\ ofr Ii I.- ;lI,ilIlt. o fi thet w rli" Ill e wilt~lnl ;ill'

1:.t I Ivillt, :l lrt,'i. plt' -Ii l v t 'l-tvr' ]t: h •( lit n s , lit . lt l. i tl,Ii. t - tit,\1,11tlr t(),l fl-.,l I \

Ill- N. a li~llu~tt+ ( p •ttlv lltill h'tv llp 'r1tl•t IIv I II- i l,.•). t i1,((,l- I t( \\ ;I 11I I ll n ld c'.hl t'ollt•-, It Is• ap m ri)]) trt nlis

t ý , If' rill tit mt, ) ;l(l;I,l;: tS'. , :k 1"11~':1 til I I )1 Ili. ilIlr 1-:It it.) I h at tit ; Ic Y I :111 ( dc' l'.: I . o)f -ýt;blp t " \'ll~v w III III th c I. -
lI ~ ;11)1. 11) -oov v ''I., . ri t Ill lt vllplt'I'; Ilrv't. "Y ,)I ':Ilil IIIIII, thel \Nk,t:Itl~u'r wsithill tilt, Imm l~ih rl výie- o)f ;ill\

;•il >t~lm tI•':', i l 'I : ''<] ...\ t xtem bo )ik '41,'} :1% wrl]'elI(ce t I m t St"4 ;tl )hv ]1.':1 ve ;+ of :li r t(.lili t o ]1I m v

• I, lh r, /,,j/ // l,..' ' / S' ''.' /'t r,;1llýZ-1.N.I l~e ('lo wll s ratt hier O wt it~il tl litlliftol'll, -l' itlt,

] ]it ,II m ';1 i ..t ' v c m, t '1I furt.(':u-ter, \\ III ])v lprt'i);Ile I- i j-j 1 i 11 (+]jkljjS rI ilt 1, r t 1;11,ijt l l•h z . Sn~o t11 f)lt ll i r•

MOIST UNSTABLE, AIR MOIST STABLE All1

DOo P S IZ E L REa~ t S MALL 6

CLOUD TYPE CUMILIFOftM STRATIFORM

ICING TYPE CLEAR PREDOMINANTLY
PREDOMINANTLY RIME

FLYING

CONDITIONS ROUGH " i SMOOTH 4,

.<. Figure 26-7. Relationship of stability to weather
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r:jtltq lilvl r-iii h. -m pto, 'iiilit w1 dii' ii fo g t Ij. --- ( -f

'ir siioke in liiver.s riither thaii the clear lit t vpi';d
of' tulblht'wt, 111stnile~h :nit. (Sce Ig'i lrv, :26-7.) -

Inversions cum

An ili\el.lVnl is delinedl ;s :a reversal of flit-

gellne'norl r nlorll cl'lliige of tvlnillpratitale \\ith

height. 1Thus. in the :atmosphllere behlo\ the tropo-

Pl ll-•e, wliere liol-1llthll v lie tell)lerat fre dec'reases I
\%.llt ih i i're:,o igli hellgt,. Aln iivei, il is delimed :is
;!. latvei of li thlroiighiout \\hich tlhe telliperattire IM0

iII(T'is;.'s \lith iic'ainlz height. o til -;III hind Ili
ill\el'-soil b referrigl to tle \jiltii:i1 teniliel'IttIrle
l'lvt:' a .lo e. l -isi t allittile of tile iliVeusill
1:1 . I- t--lh l 'l,;v ,f lhi' i-hive flit' ;ini -- 0 -20 -- l 0 10 20 30C

flit- h i.,li'est is (tlid thIe "topl of the inversion." Figure 26-8. Inversions appear as layers where
.A' flit, ;iiiiit, illlhhe". :1 s'il'f•ce il\el'-iioll the temperature curve slopes to the right of the

%\ih I lli it'eli' flUi' MIt:i--e h ;11 lie ,lllface' Of the vertical; i. e., temperatures become higher with
tilrhI. A 'u1iideniie liVelhsitln is ohle to , lnver (if altitude and reduced pressure

air il'ele ilh :stil be,'iiihlig ;iliiorijitiiiv wairlim
lllt e to, flit, ,;1 , lv luo•v ;1Si1 libelow it. 'Fhie, the telliperitire n tirve geialervi iiailillis ;I shloip

0ii'1 "'suh Ii IelcI 'w comllies froiii thut \v Stlh ".nb.o, to the left of verttical abhove and belo( "•Si1 
. ilhI:l-.

The t'li tenipe llCl'e-(le i)oilit •shacld *it the top of a 1'i'riire 2 6-Shvs Ilie teneial tl)pellloie tif ill-

.sllb.i~ ill illvl iip ilmll is gen!ll gl'taiterl t ll t it i'lsitilis On1 a ý SOIlllill ligllllid.

Ihie bitae. viiti filn, tlite ilivelsioln occlr's ;allie
lit' sillt filt', i i t'c ll islialk l lit, d l gliwiishied froiiu t a Turbulence
fro nlta l t .Ili' ill\erv ls ll bla 'i .t' u of the gle att'[ tt'lii ( eli rlllv. st i de air pio vhles siiiil i flight.

peii'tllertt dewlp(init spirel•. (, 'ilition.s. and uinstitble tii' creates turbulence.

Jroliilt:tl ili'er.iiss hiat the IllhlOiposite ihaU"- Ihlelnl ia colitilioil of lleittlal stakbilitv (illi, (dry
teristi(. of sill,.sitlelic'e iive•sions. In a froln;t iln- ail with telliperatul1'e ellil've pa•'allel l1to 1rY nilabat,

\tv'rillli, thie telnl)eralt itire,-dewpolifit sprea is geli- of ilinoit oii with ltpeliperatire •tli've pIarallel to

(r:il v siia;ller ait tle tip tliu itt tihe biase. in falct, mioist, aldiaiat ) . 'oll Iliti xpect'i liilst :ai, to lie

tlie topi orlilii -ll \1 'r li l V l ttlh, .prveal. .iullieNv"nliait tilla lit tllitl driv al I to ii, ]hglil
Il\l~Ie )"li, I ;1V frequlelillIY (.1i/i:.ic'teri;.ed ) I\ li bl- llliti. - -

Mi•lisimnlie lil mt, 'iMit tb "\v a rt' l' ii them ilivel'sioth. a Ill les t'i t , miie is Illeat,-t dlojlliig tt(1 \01(.li, l t'ild5.
Nul)•hh'in'e l i'siollli ;tllt" o)fteli aI.•,ýsoci;tt-dl \\-illi jire 111'1.(tll lili I r, nl t' hili 11,r i 1 '11*11 tolj l:.

I'in iat iio ftg, coiimliti•i•s. lF'rilltll itivvislh•n (Ih- lT'li (refol.c' deternilniatitii of tillhmil elie.t, fri•ili a

teillil li -th•m height of hlli( floiital shilop' or flint soillllit depenids not oildN on il stabiliit" oi- h,,ta-
hb ,illoili lill H( ,lite 1 ii. A.,4 Yoml kliil\\, fliv t, ill f;ivut b~ilit ,v, but also o)il 1111nl 1ii t ,v ;i.. s]l\lim /it bY e t f eill-

tutu shuums I lie filiil;ll p ioi litll ;it the slulluf '. 1 it',r;lirte-dei\\h im nli. t s ipild. -olmlit. ,iit'tllelit'i' is

1low fevr. tihe o -',l.i iiliýiii :lill '1 iWholve ph, s. 11o'-'il ,i n I llit 11 i1lt', ildl' , Iliot llie 1110i10 ulestlii-

fli 'is i, 1 • l l fi liv fri llll [mlawa v f it a li l' soif iv i:[ i ii ,vI 'li i "it i ha inol , iiI fou nd \I i lth 'rhe 1th re is
Ili- ;ls IIII1"!1 :i1, '-'of, liiiit'ý ;k\Vil V fl',l il t le •llfl'' Il~ ~ lJ' • i tl " air ilii~l 1,;ixrtki ki'l lvll'Vw h re flvltr- -

flrotlt ]iii'. "J'hmt flrji it i i- il tlittii oi 4ti 1ioti' i'- ai ' ci vi-hi lvt \tcli1ial dih lil lo tllis onidilw, h.

It' ilv it ii ' of i\t 14 rii\ tiiih ex;iiiilmi flit- idi.t\

ioilh i.li-litd ;:Ib,,\v ;1i,, Ihi iut il,,vsir hil t• WINDS ALOFT1:11)14, N\\h:tt l.Vllv olf ililvr.•iloil It is ;tll]l %\heit'lm

i'olld, t•'xist 1ihioi' m. hithti." Ihe ilivtl.'sill ht'',l. Wi old-:ulttf (iita 1, ob tlr\eI ' evory" ix \ illi.s

.\it mii~ 'li~dio hl ir i. ii-il;illl\ r ti\ 'l\- thili, ; i(l i -t'h ' -:u4i) m vt, i , o r tmilt' 'l ii V i 2"i 6. !i
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"1 ,,i> ~ ~ ~ ~ ~ t i l', ii li li i- i ll 'n i l t' I i l t,' 11th l v.itlit-r i.l i k,< - \ý,, • -- ;itl iw I,,..,- .. ,,l :L~ ~ • l

b.\ tel ft lit, (Hi',;1), Ihc lll 1v l h~llol ý ;IHll'l , Ih l it b~tr- 1l11- h 11mel i llv , I l, :-1 1 i'1i1' 1 ~ - -',ll 1.(l)"l) fct'l :it

(W•ll l i l li\" f:l(ýiilw lk, \%ii l-. :ih()t't cli 1rt- i tli Ji:] • zt m . ) .,'l ll • ,, l .I1.111i fck.<l, i 11till flv• t,

lit l ii - ii e l i!,t v "i ili l \:lt lll \\ l itle I 1:1 ) : til t[ i Il i t I l.. lk i '' "1 i,,. i lp l',! h l•it i ,

l ; Il,:[\ k i. - Il l : : (l i i iiiN i- i; t ' I. ilt It','I . If; . , i I 1 . ., i l 1ii1 1
11l~ii I'- p;,niq '1"1,11c tkimll'." 4ll \\ Ili•'ll l ie l 1it lvli tll) " 1,aii"., tH_ . l ' , l ••i• \1, hcll , \,\ Ill([

tilt, lli::Ill I ! .,,,• lit, e1l 'leel lt,l)k ())I. \ý iellivir , h \. It, 1•'Ii. -iivh\ A].l ,-,,;l1 ,I Ill(- :ihli-

I utiI II :, I 1.h 1 1 1• 1 l il i 1ii i, iii I I , i 1 t t li i Xv I , v . 01 1-(v, 'A. I l I I I r, I F. I I v 16 11. F2(il' vvxi I I I 1 ., th I I K N
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0f 19 V 1 ftktft . lt

t :I I 'rie :I { si Ii ry t II
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;ill,[ Ii - ! • I tl,l• pilt-fl• 11IM>i~ ' (Ilt-V c'li:tll.ý %\\ t'll (.11:i l> oldle~ i t'. or~i., l t ii l l • • ltl lliol'e

t II,-\ ý11i, \ I lit- 1: 1ti-, Ill 1* l iiil•, l .1 ; 1\.tqilt ýIl~m hl ll , I v ld l it- 1:ltct,> k- - tll .! \% IIIIIS ;kih fl Ilt.-
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WINDS ALOFT CHART - WBAN ANALYSIS CENiER- WASHINGTON, D.C.*

ii- -,-,•• • ••: , . , A• • .

•t 4o. . to

Fiue261.Fasml widsalf .. h.art.: . his char is fo .. 00 mb(000fe)0Z c. .. .. It. -s

o_ o .•. .oo, -h; et' ' ;J-" >{•" :<

(z.tJTI. -RES -.JR CHR1% ii :.-- -l•l till, IiiIiI I"l•+i\ Itil. 'li

-------------------------------- ' / " "

.; .. , \ '= o• ! .- * •'%\
~~~~~q .. .4 ' ) -'-p+"• . .'

" : .. .. -'•-,', " 50 M B .4

Figure 26-10. Facsimile winds-aloft chart. This chart is for 500 mb 120,000 feet) 0300Z, Oct. 8, It is
one of four charts sent os a unit to show uppor-level winds. Another set of tour charts was sent at about
the some time for four ;ower levels. Winds are at 20,000 feet here, excepting those marked with the
level of the 500 mb contour, temps-rature, and dew point

it '-1 . ;1 ,l 1 '' I U i-11; f! ,!({h ' t|l fl it- II H• c,I:i '' ( ..N ;1!.,1, (1 1:1 l( i, ' - r ' o ia -' < u .' iw. ,':lo llilh l v-ý1v,
i| ".l ,I~k' l:III•,, f-~ lit- d irt'? th . -1tio ,*/" /. I!,- 1t 11 :1 , vt -I: !] (+ I m , t ( -I ll ;~•-. ."1'1 le 1 1-t.l o1 f l}t':

.L. I h, - :11;1I . l'w : 'l I ,11 I l, i;t: , l l~ t> ', - 11 il.- • ,l V I_ - i il -I, I, I+ I•)• ' • , L'-l,, , l 11: '.u i 1 g lil~t l : l ut ' 1-4 .

,, h t ,.i h, :• t• -li,_,u i;tr th . +' ; } t tlk,- I!., l . 1 l1"h I.I'•+,o ,,•,g.L

::i + l < ' - li," .i'II 'PI h it' lI l,-.~ l "'A ll i< I r -1,,i ,,l':m v l+1 1,\ i:lt': t : . ý t. A f•, , +., lit, i ,+ • .--

CONSTANT PRESSURE CHARTS ,.,,,-,M,.I"~:,,:,,' ,-.-,.,h\.> li,
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711:, 1 1 1 '' N~, :,,,1,I,,t " 4 11. ()f,. J.T Jt'l/l, ,,, /',,:,,t (.1 ) - I It tlI I t I, r I I; ti ,

:,,•1~ ~ Nt ; I.• .tit f1•, .k1!v i .. I ne,:.i iv .,- oll |lt , he Ir fn,.' ýtl 1 l mi t Ilidl I'' ]ht\v

].-,1 1 nib : 4-"1. (1,l1) f't-t, • .g l l l "1 " /6 ' '' ' " I ' ' / A ll 11:11t,,
.A ]tlif,11_11 : "-tl l ' VillicN f I t I k 1 •-t ; kti f)I Il I II I I IV uut l : l• l v ir I () :1 (1 -,',~ :1111l!,ft - Illt. : I I ! 1• 1' , 11 1h , 1 1,•, v,'-

,, I, l e\~ h u Il h:1rt-. tl" I ']W ;tl'l . aIf'i,ý 14i,, i:II v p~re murv, ,.), \\ Iltel't :t ,illl fnct. f :I M;~ l il ýl m + I m)X.]~ l'ImIM t'l
)I+trt' fl . (|• (1 11ltl fi Iht e kI ItnIt t l I,\v,- , I v thI e N't I It I- .. vl;t I I -,v: It v I, Ihlt, :'1l.lii li lt ,+:s I IIlt, t' ; IItS

ljI fl I II I I:I Itit;t i~ .Ii\ • . (-;iIt' 'l It lltl :I i. lt, I tIS i m s I• lh t, 11 it ~ili et ;tlllm \' liliv:ill s:k-il hIvv l t. N ,I 1

\l;I~ ~~ ~~ fI,:i i h t'tl I" I,+ir - I\ i l I I't - .t -I I I f fifll t, 4- ii-1111 1.t,< il t 111 -l;+', v)i~ '11 v ~l~li 1l

(ill tlitl, , l -l i l l l ,.- i t tl i~ rl it .;I l i re' fl ,i~ li It'll-- (If' ft-t'l, u -et-/ : li l i'l l •. t t helil 1l1-:il'A-.t

rI ;t ,,-,,1i It, +llil PI'i ll; ,11,. \ llll,.: lli:lidt+ oll :It .ý0 0 P 6 11-lo~ t :111 l di.tIt llt i lim lcil s~llt: I ) ff 'v I.

Ili t l! I iil t thXvl; l~l' •,1y m\'i ltr ~ tii il.. ;lfl .Iti 1Z .- ~ " il~ i d \.~ d il ll'Il'tit l~ ~ llt t

I 'I .\ :it , I l I I I I t t l l I II I II I-. It Ii ll i,,il.t i ,,. t~d l:g i l t Il:t' l , II I- . l i i ' It v t Ii I Vt 'l Ii

:l-~ I\ i Ii I'i i~i~ ii l• \ i ,I - t-ikt -I .I I I ~ -I llt.:.I fi -irit, Ii ;I- t , l it. i - lli i I ~i tiIi -"il l

"-Ill,'t'~~ II It'i'l' ' •' i l 'l ii ' Iii I" • t! ' lll i' i l t " I k.' li l ] i. I I I' I 1 4 i.- l • t '< C.l l l l ,. Ill I \IV \e I :1

:1, t ilt Irlll • ( ,11 :l I - , it .11 11Iti : [],Ill l• i-1 l1 l, t ,, :111 ,1 1- l • i ;, l I t, Io , ,I..t; 11 1v iill , I..• ' i Il. I~,v • u I , r I-Sl.. -

li\~~~~~~~ loll~i! hI.-~ 'l1i ltli• ii .lli l e~z Iti l~l 'iit II • 2i~' S-l~ ll IS>..plýI ' t ,li , i i, , tIi lt i eel it v J v Iili ;i ltii 1 i t e i t n t i

. i \\ ki1,ti,,' t' 1l, ci'- 'l'll. Isolines

:-Ill'l" ~ ~ ~ ~ ~ ~ ~ ~ ~ : ,1~l i t, i '- I. , . ll • l , : p ~ -tf d1i>- (,Il fIIl' \':1l'i4ii+ ,'li:irl-: lli'a\\ V;r111( .1 -1 l iiý li it•

i il--il !w ;1 '• : 1r \ !11h h 1 .- lll ftdlt< •lii llt , 'lie lm I•. 411f vqi,< 1I % l i, I 'm.l llltv .>l l-t litviglz i , IvlilpvIl'0t Lilt'.

.. li ii l i! ,, , i- v i > .' i ;Jill) m v\ l' A.~ l i l . ...!. ].. l i ,l Ii i ll Ililt- (1::lli ]- II:+;thl vl .

i~ ~ l , .26t 1L--2 ,,• 11, ,,l ,l , l -1-l f',,r -l;11114,i1 fill. %;iJ im -- d,' i,\ 1ii lii i, Irtlv .,il" f ,,ft',I :t.1it l' • i f . Ill-

il~ ili I ,,I I' ,l "-l l~l ! ll' -il 'I ,' .:l l- lm id ;li"-, lt t' It' p \ :d , fll ] llit, -)Iil , '.itlll ItIliI flylt l, 41(pl t'•v id ili;'_ lit-h +
-ý I"I v I -t

MEANING CALM WSW 10 K WSW/i$ k WSW. 40 K NNWtSO It WIW/lI K

Figure 26-7, 1. Wind indicators on faccimile weather charts

-. 26-17
T .,

i



ALL-WEATHER FLIGHT MANUAL
NAVAER O0-80T-60

C--

If!'t'.-'11l 'V to !!Itw t.l'f -tilt! toi)l I '"- l , t fIll, I i" ll!. t'hlotqI f ll ~ w frIfIH' | tl |:11 " llrfi w v,+• ,,xili'nd u t\ l
/..'. il~ l . . .Jll>( ;1ý. I,"ilt.'.,(f v'(111:11 lvi;-llt m v't 1q) lilt(. P l .I~lt , ilT' le'v't'l iUn ',lv'v . It I, lili m~i~ltl'l t

v'lJ lilklct' 'll b %. r'o, o m . Illr lici '.'- m) I m)il ."l, () " e(t'tl i; St.'I - it) I 'I.r I .I I llt, I I II r t 1:1 f n()II Is nil-e I ) a 'I ':I t i\ 1il(.:111

t,.'';l 1 ii't:Ilt',':YV (,I]:l It I ,' Nt'l )( i~ t -ht .'l11- IIIIv t o w :-! f ct I 1:11 1111ýp :1ii.- It -•t' vI ),' I I I Oh i (.;Il~ :I I :11 ; I Vell I v ] t -I I' t ll )1"
i."-t ll lipt-;t m v !• I . "'1,1 "-P :is- V 110 YiW O; ll\ 11 r v "ill n% If fo l. t el I.i f I 11,11t~ -ý :Itit Ith~ it \,,I* ]ev - I )I.,':tl t [I v If "i'l., )II 1

of. 'l % , v ' I I It crvn l.-k . Il I l''I"III ý ,t I f f~it('ý,I 1lilt' ]11 ): .p . .I, wtt. I I'.• I I I" -!l( I '~ ll t ( o I II Io I I lv lilt ' the ( ;InI I H(i -

tII1c ; I I l:(. i Ii ih'- I lS I -. I I 'uI ItI F ti :I itisii1 tt I II lu hl;k" Ii hit'ii ii \" if I!'lI A i''liuiu'1l ve tIv 1it --
fll ,-.ill h' ,. 'll t .i] P,w'' l i; llle D"_) -1:1, illititild ,.

I .... l +•,..t!, ...... ] { lillvs• (if lit-\'lm iiil, its-
., iuulll' illul ui1t l li t. •it Ii~ll, ()f Ridges and Troughs

'[", ~ ~~ ~ ~ ,'i. • (I'i . I. l . - It I I I I.vI l Iu, I Ir;tI \ I I '4,• Ih ':l . I~ l t| :1. ', h e,,H r :1 itilt IIlh.- 1 i-4 )Ilit,
i~ ~ V C,.I N ' I' I I t,, k:I I-. ,,,,I,,!,,I.4 ., ,,i ;I.l.. ýV IC O.'t, ,f a fil,..- n l III()%.,l:- ,,,I .I.., f , l -)III ..

O ff Ill,'-d iclh• Irv l c 'uirt (if 1 , D llt, :tilt]' ,1 ,0 m'h~ ll, , ,:• lftl'l ];l ll I -'..}. l fIY Il
,'.• ()u h ti,.lt r- ( hi vt,1 I.I l 'l. - •'ý :t,11 fo l ! . ',l •.l :11111 fil -f~ • . • t l•t:- i (h l \,l\ i h I lt""l l

Fronts e Itv iiiru it lpvs iii %\fiiigh ii illui lig t'

"" I,: l-.. 1. ' , ,,•t• ( )I li lt i- !,,.I f-- h ' Iv ..lv] c l tl ,: ;I'h .il).. 11(.I f:;l l l n l.'t ic, %;fi':ll- )'. I,)ll , i\\ il p ýllv.h
!..( , ... t l -di ! i,'l., h.'- 4f (I:I \%11 .ýIw d rh; ll ed I--,.;,~ lH l ',Ficq .1 "l'4111411, ; it ' \ip ; e k 11:Ylh.\ ý,f h t oo fi ll-illrt,

1.' ;1 f, ;I Ihi fl .r tI I , : \\ I . ,,f ll ;,li I I . I I ! I vi I I, I I 'l h,ý , ItI w (- I "r hIIt, v 1, r I- I tz,h . I• I fl iI l I-I 1 4 ,' I,•l i~lt I. v ': i 'l ivt ivt .

i. 11 1 ,o ,, .. :lI io1: 1 I -v il .<,r 1utll I ,,,iYI'o W .I! flI. 1 v'r, ill~ \ ;Il- l' ,tr , ns ;I f I-oti ll"!I ; l d,tfl 111(J~ .ives I )vv it hII il ;I ren:. ;I
off 1) . , 1 1,,of ,,. \\ I lt' l .' v , I i,T I,' ll i' -.I l .t ý l ;1 ,1 1 lil c,' .- !l 11 w v 11 mi, mlll it ?- fl'm)l~l l ".it Il Io'l vlý) t i\tl{l )

4,,1 it ,, I - I! w. ; r;•l'• - ",f 1,m \' • I ,I -I•, 1 - l - ;I II, I Ii 1g wl t.- I v I. \ ItIfI I' , w Ih • ;I fi .,'• ,\v .411\ý flil l t,r I. II< Ulot1- ;tl,lpv;I •-

w..- i I -. i vt Ix•j- -- :- 1i 1, Nl 4't9L~ t•:,. .\ lt'•ZrtIE r I..lv '. .i1 t)1 " I 'll.,h 1, m .- :1 n .
v N crI fml r 0ht1 % .-,,o . o. 'F'ri ) i , dIlulot hm 1 :u111 lit.

Fronts -: tt I)f presu ' j, t 850 .ib

V ,-ll~ l r 1, I l* I I .(. ii ll '. l llf4.0 I 'll t l -1 Iv "v Ill, i l•. l. ic* H ill.t \\ If tl lll,4' i.:.l ll , . , ll(I tol•( I t 14 )vv )l'l r-

Il*='il- il t iIc ) I f_1 -1: 11 )~ ) tv 1, f f Im cv \% l tl i lI .- A)II It. ;1 (1 a14

"• " .. ."1

&.1~4. 4 . 4*'"/• "''.

3.6 • ., ' " " ' .

•.11" 4" .+ •"
,. • -• ,•,-• 2.7 .

"" ~49

Figure 26-12, Section of constant pressure chart of 850 mb ••
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Figure 26-13. Facsimile chart symbols used on constant pressure charts

STATION NIODFI. PA___ERN_' STATION MODEL, SAMPLE DECODE OF SAMPLE

TT NNW -4S' 82 114. m •,i,,i .t , at I H,140 ft.,:

"I ' 'vniw raturc is, -- 4.5' C
Td "T'd Dr-". [,im, 1,. -W .o°

T d• Wind at .500 nib. 35° "6.'•i kn otls ,at

18,840186
d I 0d 10imi d if hith 't Ic ) 0 mb. Chart)

I.SO[1YPES (lines of[ c'qual tpressurc) lindtreds of f('ct kISL ......... . 186
!So)'I+I ERIS ;line(s ot ('Ilual tcmpci) ratirc-)C.' . .. .. ........ ...... -- 10

ISOpROSOTIERM.S (lines or equal dew point) C, 850 nil. chart only. - 15
ISOS F\•CHt S (lincs of cqual wind velocity) knots (300-150 mb. charts only). 100

JA' S'T'REAM (max. axis).,,,,,• TROUGH - _ _

I RIDGE

p 't I--rv;tl, I() ]hd ige (Al , I tII . istva:id ()f wN% -vast per'liit ilve to1 Splot (.111a(d lirtiis. Lili ,s of eqilnl p"es-
.olitit, litl iO . sure heiglhts deliine the pressure s)ystems, aflid

froit's :11-v :1lo<wn -which III-v 'hetrly def, lined lt thiis;

Uses of Constant Pressure Charts h\'*vl. Th'lis givt..4 No'u lltIlee idell of hiw if fruo t is

(uii li t ! )le ' s 'hnrls :1v i'l slices f-ittiied III rtL lipith ft the sIl'fglit frolet.. f11d ]ION.;
Hllrig t llvvt •,ii Vpllr iiIl tilt I v1) y be. At rew- o f prWI ii( ip iti 101Wl lind
h.\vI c(..1it]lil i(,. ]proviti h li t'lt~ o fill'lher. lf)\\er ovvvi\t~r' ;ts!ýociutvd w\ith fr-ollf- Itrd 1-w., live vlttsv,

t li ,,>,,ifi, . \ tYi ,ho hild 1: wt l t i ii lt Ilbi/ to to ( i.tlkllI zVt .
rt, :tl vt.:flr ',J~lilim •;I. bi)'lig. II•I Ilt ,lw , :ll tl miTF Iv 7()() fill) or 1I.(Q 1(, foot c'hnrt gZive.'. ditfil

((,-ld- ]i t)h,r olh c l ct'l ')f ,'1-.tl ttrri-tl ft•l~tlltvý ;1! :it ha fia ligzhtl heve for prolq) :tr'~ t without.
l~wl](l~ litl1Its, or'l'l~•,• t It 1()\%" flt htl:•il () th,, pr''- lrtssitl'iztd ,':tblils of-" X !~y• • "e n, bu t , Iki'v ~ l

1Ifl•. ;I I" II I:•-v- mtI ' illportlt t to) sho~w winld c'<m ifli<,t • l :a

"l'll .v 'rut v,'v;klt'r;*I ],v](. lo rcntv rv'ý4 1v (-'tIn citle, wilh bro~ld ;aft'ls of hwvtvY cloih,nd Ititl r i

I+i:.. fr. itý-.. m, r 111;l.. -,.... i•, It-111111m ; (•.t l , ', - ()Ill.\ w t-111-dcv 'hId( 'pv l':oilt.,- \%Ill :tp plilc r.
,li11i,, ('. 1 fm lic st rl, c "11I'Il . '-S) I 1 fil rl) 4 1: .-t :Q ))(I I'hte 500( nll) I~a( sl<• - w i , '<,, l olls :It nboli) t
fivt't) 'f.o, I\ - ',~ l li,• t ml 1 -h-v'el il -i f,,iht, 1,•t i • t !1) ft' ct, It i'1at'., its vIt' ;Ig4, (i'ttl phel-.Il' '

\V~'+Ii~ i III t, v 11, 41.•ll'1t m ll'\ ' *11 ý\l' ,'w a- i t ---til - 'i)l sII~ ijo lw i. \%I1(lld Il ia, v N\+1 1111.V \h \Hil'(l l~lrs t

,i• I ',i\' lll,:tl•\ .:• h.• ;ll ' cl - r'•, i d, 11- o - :Itl.tiff \cý :11,'r ,,d fli•; 1 I t , olt':-. - v•dc , ýti f,' -. w i:\', li 'ts o
1;Il- v ]III kl~l,,1 f1, f,1,' -• 11 ,.( h ,-1 . -1ima ,,I .. rttt i. h \vii1 l•.. 'l'Iio ,.ll ,hl f;IIIII. dtr ,z t't I • livil

;I f4),],r '. f.: . ri-n-f ; fig !+[. ,I-I-I ] ld l ' m Ilhl- •,'r I 1,i 1 o k It'r f l l1z ý I Iiz l i-s.- ifl.lo . o lrp o

lit,-I lull \()I] (,;Illýv ., t heI. i1111, l al, v. , (it'f l h,* liv*., tf 'l'Lvr :•,(( lilt( 2N,) fill) ,h m 1,- -,hoaw I livt -,I ru*'c llirt
• , .• -" ,,• ',• ,h,\. l,,,i•,l ,,r ,lj 1I; r,.dl IIf, 1, (it,. ,f wal~l:, t - '.11d l,,,•itio,•l t t (lf(' icl •lt.-t l 11114l :1'1v v\ ;Iit l lf -
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I.NI) "I IMI, )l .. mV . lrs all '1'.n I la I \V -, nd ,h o%% II, . NN l'lvS, h. .I rid w n It it auns 'r .

t N I I . N I N ( ,; Ic I' l u l c h a r l 1 ) r .I l -o , I % I 'r a. " .lr l t i t tl d " o I (A ha rtI ia

Wi\d SVymboKlI

(Itarlt

850 mh. 1 850 mn). 5,000' 4.,000'

70o tub. 700 m b. 10.0tO' 9,000',

5U0 mb. 500 mi. , 18.000' 16.000' "

300) fill. 300 nil). 30,000' 25)000'

2010 fit) 200 Inh. 40,000' 35,000' *

1.5(0 inb. 1I 50 rob. 45.000' 40,000' '

""t.-o,'. This sainm ..ind svni )ol Ibhroken harhl or p] nnant) ni'an% vither next lower mandatory winnds
alolt rl'lp iling lev.tl (as shluoý,n b. examples in this column) when no numeral appears. or else, if there is
a inuml.ral in psarenthe'ses und'rn(.ath. that no mnral shows the altitude in thousands of feet at %,hich the
it(i(iat('(l %% ind -,vas obse(rved. Ond t.so

E a\in/e. n a 30( mb. chart.Cr/ (18) would mean wind at 18.000 ft. is NE,"20 kntt.

Figure 26-14. Wind arrows on constant pressure chart

ji-I ,,l,'.nttiJl,- 1114 hil ' :kIltllulh. plopl pheir.i v,. 'J'hi~s ('i1t'llati~ M i .;iII~d u('edl II'Nh e t ille unequa
'|'lie I:, IIHI)t 111 4;),001) f'ool( (']lttrl eltl'•ll ]\"IN (l1~ i b.lrlio(llu of, livl s.lill'!:, ('ll yoli l h111 vat hrl.

jet ;lil' ti do (lo II~ i:l]V d )t' N. ltt :,) loigh t'Xt'ejit Circulation of the Atmosphere
4,I1 i 11lil gl\ Illt-. .\ild-v f'rontl IIl+v'r li:-.t f(ol'1]-li•] II 11' rik- dvlti'.-l fo)l'lI ,'ilv tlaltlolll o)f thlt- attlllo "-
:1l0ilu11' Ilighill, .v, jvý'l:- lhi"-v' ,'||;iris ark, ;li]i. villl- plivrl't rv.•lill'- f <lolo ht 'ilt , f lc Ili~l! I' l], o m(4 (]Irlect

illvh . I c, iie f,,tt' :is h' r'. o',\ th e l i' i-t ll hlil i t(. e l 'i-Ill ili lt1 v | 'ilslitv' o f iht'
l']lUt!<r n• (-t:I:-:v :1 lw.{l 1,:IiII of| l ':It :it Il .]',IIv t

W IN D B E LT S A N D A IR M A SS E S t , i:qd,, it "l1i h .Iliii h i,', , oitlt tll f t. lc Tlie ar lIt
lilt- '4l+•,l tU r 1" i f-, alv+tld. (il.ds .t ml i< w>- g llt] , t t

M,,, ,,l,\s•,dh, rl, c,•;0...l g,• 1, kised (oil :tit lilpp,,,r c'Xll'(vltiv., ofr file tiitlhtr t,,w;Irdl 6llt
II,+ I",lh*oI\ l'v\'li ll(h, \vI.;llv r folvl,';lvtl.r \\11,) ple,'.. ()It l111'vi , pol v' l , H"• cook+,l' ;111(1 '-ijlk-

l,!,l11 rv ('I tio-. \',][Ill ht], - M•irl+ illme :111' kic+q- h .• r'i..•'l~~:rl ,uk lo•lll,, l"(l,.4.11 <•1o •ih .rt
t,,•,.,l•., I,, i,•,, l,., Inl lit l,•id llit-l1 {. tll hv.lll to) i I .: lt, .I.,ti (;Iz+rt Iz I]v.)

],:t---' ovi., tIt :Irf(- V1111(1:11,,.olalx. all \ýI'iltherj A('11t:1t c.'r,'1 iltii H ill In 1;,. m l~l"I,,-]llolv 1- i<ll-i
] 'o J lt'1 :t :' -l l • I t - l> ) I l l cu { ' l( 'll]- :ll 1o l i o fI ti l t(, ;tl ll l (o > - lf li ~ lt l J( + il d t ' .\fl e h e t ( t ; ' -
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1. 'l'iev ve• tll i,• r-overed with ani iiireglilai ,, r% nf il lltn\••, i(\W:|l'd |lie ]",(iaI. ' rel•lu'it thai
f1i'&, of ild aiid whitic'h :liels. ]iii,'i ils " lo ' l tilt1 ilirt of it lo\\ . l i•' h i ' to-

:.e'ih' tva rth l' le s, thafl it, vail 'li \\11-• t.'lIlt h'evo. if flit- Norf lteri 11 l, is h rtl ' . e
h : t(,lo'l, gtot'., (v.lie lite' ei t ln'lLt (:11Ii C t.; 1 .0 . , I'& I , 31 la t i lt Iite l 'II ti le hit t e. illert,.ii .t-

, / I, i I ' .r ,'1 0ii l i ll o I :il l- II tlt' :l'e:1 o f 10tl )l
:; 11 ( ilted : 1xi-.,d of the e.m th r'a•l,,• s':t-a<ow l ]:1tit1dh. at hl-t of" h6-11 p v'I,':+r, v i.'- l'u eu d :11 111

,h:lv lto fhe 4 le5' olldiig t i 1" hel l ti siii'f.iv t.t bv 1111t a v'ia. ''ih is z 'on of tile th lt, lliv tof t'it'•'loief.
'ilic ý of t1 tv th.' Stu'r'ace. T11t. .ec'itld c'gll 2o-" .irSimtip is le.a.etl be-

t.•.o t oi t• tile th|'e~e-, ]l thi, .). of ati .- t\ l 3,, 0,t : h titldt, andI 6W(+- latitldt,. T h (. cir lt-
]pi•l'i- '4 ,'.1n. 1:11t i< l•. the vt:11-1l1 1,, lIf\ ]hcd Inlto , 1 ;-i Hill IItI.H hi sf-el l : t, i n f-•|! u<'h or, in '• ~ thatll
1:11*lit Iv' )Ill ý,--, ll. I )v, I III ta' . I Ih if-II x' Ilel - vilt I iv- I liv JIM fell ~ ' i l III , I l'h-. v'tll, 'ýI:w' v I he ',\ o f ;I •il" Is
lwtvv'l the, . 41|' m oll.l an o:tit :, " lttildt c', ()Il. lbet\\vtC'l ',~ ditt bv tr-:1\v lingul/." tyc'<lolt ;tlld ultil-

h:titlide ;,' I :n I he f oitcl,, I l 2G_' (-l16,. •-'i'C"Id c'oll is lowo';l'd the( Ipohes, it 1ý-,hdehiv'tt' to• lthe
"l'llc ;ti I al +, I~l~ ni.,• +> litv:1ttc, ;11111 1),:., t:+ I ll, !h r otatt+,o of t111v va';l' ti(t l(ol'+ ]" "force',)."-

,'ri.:0t 11"r ;I how -plvý-l.-> r, ar;kn + ;It flth , -el:,'' lhi, <ill 1is klo.wn\z ;tns flit- belt~l ofI prev:'1\' 11i r
WV it'lII lhl-, \w';ll II :Ilil l','l'I,: tlt tX ltlt V ,)" flit, ex\,'.'tto IIv I 'ý-Iv i (IS.

;I1nm ,.-tItl 'rv., It tc.,.:.'s If, 1lo,\, tl)\\:11',l the' pol'.'. 'l'liv third' cvl ('1 ,f ,'+-'1- tclih i'o hv ,. b vtw e ll' 60,)+
.A hw< itl III(, 1l 111( thatt thlý ;l- 1:1in ' !:-.0 .._ 't ,, l o 31, Im' llitl~le :11,d flit, pl ed ' "'l. 1-'1il't k:lio l it fl wý t i.Ce~ll
]:1ýolldch. k. 'f.'mrc, v l',• , i,:<l ,.lh., t -4, l ot• tuchi l,,.... %\.•,,hl ;I flow of :Ili-:it :I ll-,,ll ;Il~lt 11]h.t,•\var,
tlrif if I'- l•,•\il•.., vaý,~ \\;11r 1 l I -t'I ;tl -4I l+,11•. "lhi>• II•(e pl vh's. A\ir Ms ile l Is fl ve,'d to• I-I . h N" tilt 4'1+-
IVtN16. ýlit ;k pr il iling 11l) of w l- 11c:11" :;',• Int 11111h. :111d g.. ,' a lllt t Ill tIIle, se 'oJu(l <'|,it and~ 1) * v I I ht.ivotIng., Ill
('41 4, 4l en- t 'l I•t .N, , it k~'-,,' tl l '1, 1 , I'• ll,' I,,t 1 . , r '+, I i iif i , ht i• V, 't; ad d~t .- to the' pi'w'+ !, ,.v ill)%\ ,I" :I,!! f'r<n, !i te

~ ~W e 111 1, 1+ Ith+ ts•'vld It ,.- : lh" r'eadt'l s Ithe , i I-uf:,l',(" )1, 1 fm ' if'>| cell. "l'lli.s flow\% of awll 'olitilltle., to) thw pl eh.s.

NORTH POLE

POLAR REGION

S~AREA OF LEAST HEATING

SOUTH POLE

'• Figure 26-15. Simple circulation
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,ilt -u f thie Sea.-iil varLiation in tilt, iii, eii ty of
"(li-•e iii'i•- i (V I ti.Lt ' .ill'fiilf Off thf p ill'th. aeis;I (of3 3 11 ifrer nt Ia l heattIII,, (to liot al It ellali, ill tile

2M R "(ýg'1)1Cl tM 1011 1 flIlit ti jifh~te With it

2 2 •Al.•.. .. l 4.1,01e gr-a , um le i of vari. abt.s f -i intro-
oe by tile. lreLt diffeIire s il terrain typesi

- --: : I•, ivllati te . itiot vth ti:- Fi-ict'io u iith toe stir-
"-i26------6 TO.R Tfae .ef thde earth and .tile ba,'iers lpie. eomn- d by

glreati ofl h. rt-al l I rftig ititi ' [l ilee Int to

hi il!tia-. i-ilii-(ht-. thilt ills felip

th,\\. 'l'li, diff rllr ceUt ill ý ulft" ilc h+eat. of haild and
S water Surlfilc',-ý is lilt equa~lly im, portntnt fit('tc ill

ba, it' Ii-i I( fI vwi im t rI.(.[uh I if l I [ Ip ttterl III I I lc;I b~e h kvIt€I'
3 3 . into c'owzhherat hml ill .tildyving (llc m-er-all pich'tur

"-of attllq *,-)]iI.ric -fr ' ldlit ol q.

l.<o",C liow ait varth•:s ._vntl'y:ll ('1-intlltth'm Ill(<-
Figure 2 6•--16. Three-cell w orld circulation tirtvl 11orev of. hv'o :1., it ' r-a rity ,,v u . ; •°

pnittern "'0 ] -]<\• :tVV'el'1<(1 prles-1tlre dilýl'ibluli~ ol i '1 lfo

ý1-1'facv. -f til-, valtrlh dur11ing \\hlittr. I hviv yoll See
inll th N4101t li-Il h m i l it-1. 1-:. ,w r \' • . 1lalitml,M 1

wheif is ,,h d vau , -Vl h•e dý f<)rm ill,, a 111,,'VO Im' lw< h ih-Il-rtS.Sil Ie cell., tolle v. <), t'l he ]Pncif" arnd
It--- .-f;ill,. I ghigli -l t.- frt. :Illk'; itlfl ' 1 ,11v t tth. ,_ m - onev 4)\t ' her .\lv I lt Iitc(--t IIII fiwilm In .,I hbst:1~ ,
NVht-iO t,:Ik ;titr v;tc.]i.+., lilt ill-|i tu. Of' t11v val-th, Hl Nvai'(ft" ]ma ltude, are t.\%o higlh-p " lm '.•s r Cells <o vv

ttu - I() fit)\ I "I I+t' lm % ;Ilt flhv E [lttlln' live tn' fth , v o,. llillviflh l ;IvtS'+. ,I; v - olt iV~l" "C altlal , andtl he~ ofi v.o l ,r
,111 face(ft ilt-" t v +:1-1h. "'lw 'l '<le . c lit mi )l ill thl.i cell -OVVr S'iberia. N m Xi iotrc the tw\o l.) + - )w overl

i'. ,'lIillh 1(.f ] v I ,11\' Ihe t, +-, .,lyr v t.. Im I,,f ;Ii r t mwar1( 1 the .\hiutimis, and~ I he <,the.r oile' ,ver the lcehl MI I I'
lth - lV <jitll+m . 'J'h,, :lir er l 'ivi u lvvilget+ \\-ilt ll iht' IVl ;I.
p v %; Jfl tm- h-1,i11,,tltr, f .- '',,l .(.1] ;111,l L dih lhcull-l Y ou > L-41m ld hu colq hl t1. . N '+ :milii ari-\ - Ilil I Iit

;1. (Ir . "Ylli>, '(.(li\ 01l' 1i'l~i'l ' l•, t' :1 It'llii P4,.l'11u1- lor'athm I of tlltv•+e six pelil(ttll i vsill 1l' v11( ,\'--

I,*.,I l,,. -l l -. ;it 4,;t 1 ; l a pptq fl (iiu t )tl • h:111- h'ilv- (til.l S" lIjuriall, ]P acdi[r, 'a u l ~il. a d ]B erl-
I ,h.1v ;11,,I f Ill,' ,d -,',iti,,11111 Ill, t Illpert t t liv'e mild [ llll a~t Il~ig.l-Pinv..-I- r,,1 itt vl' , alilo Iliv Ie l a'th ld i,' aill

lit'll",]l\ of, fil,' 1\%ql Io, liv- ,,t' ;Ii- t'lle :1; fl',,lt A h.ll,ým i h~w -p v ýiiri,..U - mvl l , )t. bvlc~tusc flivY I~hty
i,:ll .,l t ,,, ]', F'r 1" ' lI1 ) lotI' f i~ lt! MI I IIjb- • Itt . [I ;ti il ]l im rI'I tl ] i ll' I I if(- m -li- illat lo ll itll(] fIl~ Vc -

V rIk',' -21; 14; 1]• l 'it- ll : 4i)11 1 1,tth l'Itl i•, ý1. m~x i ;t - livIII O)f atit' ll~ t :-'. - al t l(J l ýt-YM'A n ls.

I., I I jig+ I': I 11v I hI'l-,e+,.ut l [lli <,m .
'l•l t'O emtl'il 1,l~l"+trciii~ l] ;ill,','lt. ,l ]v Air M ass W eather

foi i, l- v f,., t' l l v, Illd!.;t, m c ihcf ic.le Ill I II(. Iirl I! .\it IUlidhro.l., ill il n fi g tit' 'I~li ';vl~ ]-l c. , :tit
4)]" 1 I frl]+,. Il :l] ]i'111. 'u t l ,hI , f li \'llm I ilt t e :l ' 1 , 4it(]I ;l l l ll- ] : '-:+ I i it n H l v :• tlll N" o f 11 v.' I v '\(,:" fI le l

h,,v +'i I i~i N ,. 1tl ) t•* l]t+ ht-11 (d Il + riv - III lif Ill v ]i ll t he flu ellil~ ralle Jrvgrmll-ý. 'I'l.e p~ri-
i:,: l , 'l•''li ,I Ii m li,, vX ! lit ]li l ,t' S, 1111,tltlu 'r I eI,.. - \;Iitil~ lg- N\\ -;t:l vh t l Ill :t gzi\t'll ]h mt :tllo li tit ;1 g l\ 1 1i 1'! IM ,

1l ,1.1 , •,t ,.. lvf ~ll I h. (d 'fil-(; I ft "ii ll. , Ilie' f" ilI !it- t l":i~ll - ' (,I- lih v' hlv't;if+ I I l \'v, ' ll f\\i (1," m lllt

!l - i l, !' It •;~ i 'l :-.t I 44l \ ;ll 1:ii i,- I[ ' hl '[i , l- At l l,£ .- t ', . I l l : 1 ' Hlt > , I lim \ lit- (lt'l 1il: t :I- :ml v

.A li (,d fi vill- v II ! '- ;tln1i+,-Id1" ict' l t • '. , i ,•l W h;m_-• l •I f i \v i+ - I. N -](~.;I o-io'i , -,wn i- I."
,,+ l li h' el ti•] ++ :, +l • vu + t ,'•.ll . \: I: p l.- I•~ U ,X ~ t.] I. l'/.m,, :lld N f ,ill I I'm Tit . I,•l , • +
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th -tv i~~I '-4cil It F t r ilt I 1 1 4 1 1 4 1l! )I , M O : 1v o l P 3 1 1

Aiiti ' to : - I,% mii' el I44 1i4 t-l 41114 tilt ' i 4 II. \I IIlt

tvl fil 1%%( priii llcip S ailclljlt't As tii]t aw Ilov' lit'i tlilflýtv lopto

o(: t ij'l of t i lt if lilt thetil~r Ro kv .i -,,isi o.m v m d ; (lie ii

tair l. w iiii' ItI T i, fol~i:''i's, 't't't'hl i dIif aI :114 rI So 11i1 1.11 Ing41 -ollt

heiI 14 Ill ill' 1114 '441 :1.1 S11: ill \t It'41. N\ ItI 4

'if I l l(!i :1 i'lld 1144' 1 4,- i' lti iiI v ii: \ij \l'icl Ill Fi iure 6-17. 1110' D irec tion 1f prevatlof. wno s on:Iil

)Ill'% Ii 'illi tii t'1,' '114hi.-' h Iii I'-l i Oll'' v ilill i ot h' sufai-ceIl l'l I-; ;
-5"f I f ~ 1 f t:lý I M I ,' 1 l w l o ;II :h i I i w - , th , t t ~ I i , I li- i l(

11;1 *v ,t0 : c oI' o;- ,I1li :11 o I l

is II.;k t~lll~llil- :1111 fill !-i ip 11-1 ict 26-2md
A h r fla r coI' lt t i ltii i le s o

"V " l :I I ) t o f " 4A 1 1 1 1 n i ] 1 . ;t 1 1 1 4

Jid . m ,I I \a i i r t1:1 i- ýIl i c v i ' il;I l( I l I1'
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pl ,cry+ lkit il;,,:o , I 'llI ),' ; 11141 111,t~ l,! '+, l + Ir),o•' ,l •. ill,<i traýl, Ilit v'a:tt-.11 t+ Ifil <f thei •

I t"t ;l l"c a i t -' ., lp ili ,'l ltr ' I lla l I I tht(, WVIliter l' , iell I'. ,4 llats frt'itltllv lt ill\ t-+i, tof Iii'1" ;tit, Il~ stIP+ 's H11

: 't , l c I Ir I,, ,h-i 1' "I l' , . If A, IIh,• I ,% I+ + . ;I •, I I t~ i , I ~ x f.;.r I ;1 1Ili i ý-ItlllI liel I Ile.''t ;I+I' lY •+tP r '~ ' s 'l

•'v i,+ d 1,1 11,• \ I- c~li '.. ' t I II I, Ito, ý,lll111111v ', lI o htltt (I ln +ili ,l t ,,rill l ,d \\(.!It 1w'r III l i v --'' r~+lo i.

A' Ili,, l hl i li tg:l if~t• cI1 \ I.' cl I'tl \t I, lic t i... Itfli-- l ~ t I",' I'~ +' I'J # . T t'I - c'l, ;lt-r is• 'o}l( andi

ill ~ ~ ~ 1 )!1, l', t i;m t' (-I] litlil,. ,.hom ld -. I-:I I :I [II dr alut' Pt-~ I+ h ,.t.lv IlI tliv u ~ 'r~ i+ siurftive its it

pool.t •,+• flvlll, 11,1i lv Ij(, ;jjt,. L.t <,f' t1t111,e ',', m l ~l.- llqt-. of•lu t -f lt d v i,-- ( 111h",
C(. um ... W ( hI.l I: I• 'A I I w I I I I li hv • 1<•l.l i i ., r al'ortil. t. , ) :t itp nlr • In s! t e \v .:itItvt, I .; grelI , r:tIIIv c'h, klr.

K7-: I lIv~r \\l~l'f oil -lrv ~c

IllI. lc:[ I • i. - v o .,:t I-I. I -l. • l 'Iw v,'-IlP I1:11~ m 1(• it, ; , ' I I ,v:1I I.:,I k ,-. +It ,,It v :1 ,II r l~ i lt' t li t-i h n + -

I'l' vil';t-l1t w ; ,- rt : kid cilvttioll. :1m It l,(lt .Ituw +( to '() f I'l I l~ i> l.,lt, h u.. J ~ IIlI, the

f*,,g-. 'Il' il ,. ~ ,t I- 11-l c 1 , ,11:11lv ]l,,t :1 ý-ci oi'< lý. ,',+ - <h .' lr i } < ti'., tl (. :Ili- Is' I +. ,-t i . t l ltv t l, l t i~t :kild

", it,'[';tl Hill 111 lll,11 :Iil lllt--e-t' owi dt'-ih of thium ft, r- Il..\v -+l,+i l Y st- !v +Ix,. h ll . A\ + ll l-,l i .I l rv lh H(t

h o[, 1, . 1t . 11, ,11:1), l't. lIr l,, - i tilt, , ( ,Im lo . m-il i I d> \i 1 • >,11 11l xl b:. l . l w .l l v ý.IHlj .t. }utzt..

tV X l , I tVI I , I I ltv I!I ' l' c-A , '/+ I,X h I- I, :I - I lvY f |v- liltt.[ It ly :1ita I -.o il Ict IIIlt's . 1 r : 11 (1: 11 fiil l'+) .

I l,,.,h , the :tit Ii l flows

(fill I IItl - ( ;till~ o-11,;i l•o, ll o, ll o I"f' u 11 . ,'. . III tilt , ,• i i l tlt;:-'' tI -ihilt-y t ll ll;i;l llO ~ l'

1ý 'T7IIIII I -. I t I I : 1.

', 11,',r 1\l, i, l 1,• , . h till," I\ li' :111' IIIA -, f',• ; 1i1t i + . 'I'lle it r 111:1\ Ilit- - l j*, t o i,, w ce".'
I. I'rt(ll ,+ I Ii it - !I.\.Ie1 , 1, 1, 11 1 . l Ic,;I \ llUX,,-_1l,1 O i- } I II' t it itrw, ichill" Ilv Al,, . kIi m :wIih Itl-. 1B v, Ilp• lopte

. ,..I

"-7 'i t•. I----, Ir .-_,. -, -, i .•-,"-• -,

i I •

-6--H
H . I ". -1 oz,_

'Fqur 26-1--. P r --oi l '.. pr ss r sy te of- th wor i n w-! •--- -inter "
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IfIIM . itld i t" i•, 1n1're:k-ted. :ll1id thet. re'-ml t IngK ]I()\', ,lIt;W jIld ilia \t. d, I'ý%iit ll t'1 f( 'r e tol thtv left
t i ,\t' I uuu, c 1:1 v i levu~hlo Ito tl I IIuIIn Ioh imbuis. or' li"i t of the diructioll of thet wvind • i. Vvrti-
()I fli t ,lt c:I',ft-rll A edt of tilt, illlo llitaill%: file ',lit-' ti - ,'1 \ll lk 1-ý~ •i•• I i lo•w fi' st N id \v'hciti,,• th- p itt
ý-uIII , ', , \\o I- ] I w(, I ;1(11;1 : Ihd :t It. ;III'. tlmld the d ollo bm ..1tivulil -. :Ihm • mlid be.low Ill,, ',v r,. lguu' exi-mlplu,
M t,• p> ri~ll lt,]] v f onil~lpi.-t ly [b'i~ l' ,Iiil i l.'' -P, tiw wlt, i' I ,i• .ll] 'hem i , " lte

('•,•.';,,,~ ~~ Ir• it,1,, ! '1 1. 1, l aIrI nlwy:• i•z the..• core' 111:11, t h'vl m I•. ' It. Ill • .) redli,'t ill,
,ill'•,. •.•,:•d h 1,:1•t•.~ l•r:•ul,..,ail lu , h l- Iv;I %l fill4 ellec,' of the• jvti stirvillln (uim. ]I" li~lht ill

miditiv:,•. , littleo, fi t rn c~l•,ilhitlti~lon ll or ht-lou iiess, flit,. alrva, It N•uld be, more• effec<tiv.e toi ,c'l in a"bov'e
:'.'•11, M ' l-;i u.-4tualh -(mml 6ýb- ilitit,,- m kle,. for Imod tdiv jet A..ri.all thani tol "o I)eoh w\ it, di..regalrdiilgl

IJ~ ~l \ •':li.' . I ,,,\ ' tl' I.\ ll,, 1ý oie' l'(ll ullcl,,' lli ,oni!'~ t ,l:. • f t-1-1•. •l:111" ' tillie Spenl•t
fl'1,i ill cd•',h tv tcý Oict h r:ll'; tti'i ' x vl ' tt'l of| t. rblill- I'lililjoilli , ;111(1 lt~l:jI 1 111 1 tli'_ li ] l~liicc lilt l'e 'iali ll tol

It'!w,'o. (),c,'i i mlin (111-t ý-IolU'li- p v vll''•il about fillv (1i•.l;1ii•' ill Chli)it.

0:1il., .- i iili ,'li l ii_ l li/.iit :1ý- flit- dui' of. •:iilt A\'IId •hIwar is liiil/1orlmii Iol tlighi o lttlil

\ Iilililh .- fW,l -1) lilt, ItIli,,e. 'H OI,, (A'" ;i llit l":. > l('[[ thu o! thu jic sllt'le l IIh)\ . It li1:1iv 1Il d. l li iit
1''Jlliid • i ll I . ".4. It! -liiiill'ir, \ lw l i lhe ýýoillvcet fi'i'• l C ll~ tl- ilil jfl uýlt' rclll rhari l-. I Ioiizoliil:il .hoar
Ii•"rl oli I- O wil m•x •• -l x I -. ii • li lt.:l. 1ý" v,(d jl ý~ll~ I~ •l flolll flilt- i!-ol:l,'ll- t1111e, o ft v(111:11

\t• id•, \tdh l,.iv) ':it thel evhu•l o1" thu ji- ilia_\illi11il/.

T H E " J E T S T R E A M ( 'lo l.k '-I) :lw kv ' i -(ii:iw 'h in d hic iki ' :I h i ý-i e ri ' ý,hclit r th a n

• " \\ Il t I ( ,\•q Jý1 .I, l ('l. )I ._. io fltll jk" jjjl, It a1 ;',,)I) k ln o lt •z tll l ilt, it.\ i- ,o ' 11 ;Il . lu lllii \ h il\" il, tile 'itiý.-

\\ll i " ilt• illli 'il lil\ ;tl 6 iil•v iv ill a,, i • i]lo lit ! a ' : "• : I i !.: '•, ' ,.
~~th (Wll'il C11" •'iir tll. l\'illdl vc'~ l (`:'ie :1fT• (1 iit'l':illv \\inld ý-Iil",il i'gr•l'tie tl to the l101l'1,h

M i~i t'r l \ fhI lit, ý-llV:lli .Itlil , lV t~v ille 1']qpuator. >Ill( olf flw •it je llt 'r ilii, ý-o l•ll itllle klr•,lI)I~ llr 1()()

'lhk, i,,i -tl~it nil 1,- 1,Ik- twll . flita t, tri' ojmllviu at' hl c lllof. !il ]lilt) ml e,'•. 'i'll fillt' llilll, lithe vall' revv

:ill :liti il. ll " o f i, lil tol .|).lill fet'.l vx vtkXl • Illi) l ,iotý, Illi ;$111l nilic!'., i1" 'h Indlividuall
.\ j•' ýli't'ltl Va ii-;l~l " l t I ,•'v k found( \\lil ih ill - Ci'IM- .1lotllIild , Litlt, riiliuul flt 'ol~l CIhM ItS I1C foi'e

Iil-, o ll~ l \ n I > !i I g -II l ,.I fr u .n Iv; IIII r i ti7 i,,k ,.ll - I 1f )I vih . V cl lI[,-:ti m hul il ,Il l~r ' I.
i(,i i t'l1111 IX I t11 I h r :1 11 111;'1 ' fro mli I rl ) I'q i'l (. i r :1l' ý_Iv ltl '. t, h' tvi .1,11 k iioli ill ollYl' twvi iml vh s 1:2.(itil)

iII;- . 'lIi1w jot' 1 - c m*"l il :l Ippv;ll'• if) tflll'lll litill" Ilil i- fJt-v.t ) 411 ;111ill~t , ude -li1 11 thtu \ (.1t1tical N\%il ifi ltivar

liidc- ';il of 7l / {fmil iv - oil;' ll I ll tillIilt'rll Ililt, iý, gliv l ,•lvý :ili11 Imll kl. colll•.allt nhove\'l tilt' axiS of
fi~l li Il ,; V ili~ L'i ) :'i(il 'iv ~ i'•'l U*' ii }' I- di-hlitili:11fli, a,- flit . lq i ll \_(rliI,.:il %\Ilill ,.Jie~al-. :11-i.• g lt'e lltq

fil - i1 . i. ! li;filt liii,'. \\d it i fill' ict l ". il i i- . iw r l t p J tr frolit.

"1'1,, j '! l 'ilii t " 11 1 11 tl ,lIm l o" .~ co~iii l r '1:. 1 )i t f il. voil 1•. 11l'v.';l li v c' l~ i'i *ll |f \' ;i I rkO'~ al'lo)\

i- IIt.,l ;I -II~I!,,l I Il , _-r I I llt'I I v I o t I I I 1{) 1 ( i( ' k )l A lfml ! 1 1111'-I li lllt•' l • ' l il t(, , O, l ' t• ill- ' mt',I O

\•i~lilI ,i' ,ti 1'i'.d l , t I•, i \ 11 14uh l tl p]i ,sl I•- l i i <•i i l i , l '(,t- 'i o Ih , ' :u1 .
'Yli It i, - -C ,I ( \ lit il a II I .,V,1 1 1:1 1 t I. I I I, : I ;I --,\ i ' !!it I- I..1 IIIII II- f l' : 11 !i ;'l X i I I Vll . I-~~l l l \\ Ii~ f~I I ' I I S I I I lI l'vtI -

'1 i•,,-•'I nul ,• l c Ii~ ll Ii~ i Ii > itil i l i il i, i il i ll l - 4 11" ll ' ' l ; I N ') I I • \ 't l' Il Ii I I v , I IIf

I~ t' i•'l illf tl* l ' i I •\. ll I l • l l l l l ; X 'l l l l • i t- i 1 :'11 1, 1l l I litl l. \ I r 'im [ l \ )l •: ill P t,) I I\v

"° , , i t - I i, 1i i -:1i 11 II, i I,- u < :it :1 11 1.' ( -It ',l ,i I it;iI I- I, I i dI I i t 1•, JI ;Ii c Iu t -\ Iv l ,, I i ~ ~ l i l

i;I~ii " II,'• "w i:t IIi I~ m~'~ l.i N1 w\l~ Im' l -I- I. I , 1 :1'1, , i ; 1 il ( - 1 , 11 ' "11"': t1 1 1:- 111i
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Figure 26-19. Polarfront and the jet stream

tt ',lt. pi -vit (w 1I ll. "']llu ;Ixit It 14f.-lt :(l i ,i t tt •.i I lr :t. f 'it , I~'lt Iflly Iiv t
fl'uhl 111 ff*Hti, t it l iw -•l' ii-ti• ',c N to l ]n;I\. ' it,-l i*f!it' ;I.I, I• f• iI t.()rI ) l i- h ut ;fil' fC1 hit-• ,fille,_

I h e l f ,,' -.I , I ,l Ith, . . , .I - r , ,:% 0 ,1 1 , , , i t tl t •t-i( h , -% '11 ." i f i - 2 t f, l f fi f,' fi f , ' I ;td :tId .1i cl,, t f i t l i l t ,

Ft [tif ttitt' f I11, ti l11 ,.;.ll M ,ill 141] I;f l iff ".. jFIivlt )" ti '11" Pi . I\(lt1 :- f, lIf ,l k iti ttitt A \ illI it.l-
'l• .,,th!' l t i-, 1',')\\,- t ill ttl Ilmdol,'- It) ,ll l "-Ich'] Illit.-i)'- _

. "; th t il 12Ir if'lh h. I, w %fil l ifI\ 6t-fit •,ft 111,1  
:[1,(f )it 1fti ;ft r\ I i f 1j,' ft, hill tI ()if .it' folly

1 lx l.Ilk 1,( I iI . v ,,N fi-, Pi-ff1f itfiftf

''F :' " : i i,.. , ', n, I- f, l l- pli• I :l l i , . ,h I• 1d : 1,1i t. "( ]• ,I t, i l I• lit , ) _11,1 H !I I( I -1l i'. 1%1,:! 1, h o t '[,-
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bet' \%vetll tIle :201)j )lilt M oltl ";i;(;1 1 hf ,vl , ol.- t lat I.<. III ()%Yll t'l''tIIl :11'(1 setlv It"q'tt . vp rlul• l-, •''l-A)m (ll elht

|lt l t ,it It lilt lit: v~ . lI t~ll 1(( It's). Sii|t ( i•t'lt •ti ii il[ti(J t. :1C".ti' si 'X of tn f

tilt-! tI ii ' t l. ihi lll ti• 'T he fll't' i l I'it'-t itý \ 1 tllll', tlt'l' lits, W ith lv'v . ll -. 'n. ll fl e ] 1'ol'k

11 'It XXI t id -. it itt u111 -1 titt 11141 11114>! i.t'10 l[tll fl,11l It lIa t

lilt- ' al' t lll , illic 11,11:1 1 ill ir lii' :lt it' ll2 lill til-. T '
V'xck't!, I•,w v<l o\c'i dt-,-p a~\ < :Jlld 1l'01("lll ] . III the! .d/,,.,`II'-I~ ~ t filll 1ý -"I\ 't'l tlil()t' m-1i*t'11 vl'm' I'

i\ flle'- t' t i'tl I ll fo1 il. Ihei IJ itct) I It I titt' Xl }i t)41' I, lil . t [ 'hll iiW I i1 I1T 'lI iiT. C l I n .v itIs cii
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FRONTAL WEATHER

A N Y ,f t1,u. N,,.:I: ; ihi., litik ihi, X%,, IllI, Is A v CHARACTERISTICS OF FRONTS
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:It tlh •iirfivw. 'Iliviv i a statloliary fioiit wheln sl itati. WiVhir tht v-IId lilt is Sat•iattdl by riiin
Ii V•iilii ;•il i4I;i•5 1140 ,'<ll aii 11-- lie in1 adjacent or drizzle falling, throlo g1  it froi the. warl-ii all,
l)(Yit •t s at t)1 IS I .Irfaie with t1 le \yar1 i r OVer- above, exten.iSVe f0 :IL ]Ow ceilings reSnlt. kSIle-

t•u. tli col :1 a ir. Ci1lly at uiightfall. if tile tell)(erilt lre iS below
Sinwe the cold all- Inni.. hl-,eas ahh<vis , nt nIlv- Oic ('. iciuli will he folird bitt gelluerilly is liglht.

in' Itit-itwr (hm-',1rd o-r a;]\av frioii thn' limit. the Nl\h width of the hauiil of pIlv'ilvtitatioll nd low
v.witl llimv tilt, fricti m4i lav' is hhllwing iiieithelr wiiling '.ics from at) imile.s to about 200 miles,
tOAl'd ilo1r v :I:I* vfromn tile front, but. pltrallel with dejlwdinoil o i tmth -lope of the frout and the Itlii-

I I . It fl'<lh 4 tt l ht ih i-. t(,:- .WY ton.1 Nly perattre of the air masses.
l1irallel to ;t -,ttat iolmry front. This characteristic
uia:kis it tea ( It< r'tcoi iz, ;a stitillii:'V fri'it C .11COLD FRONT
tle. h .ti. S.' ltiglrl 27-4.)

"1"l1ic friot i< |ill Iiitllf) (If V.yarnIi Li I' : - h,. - ilr,, -t lV.h i 41IIili .ii Iii l itt ,f •ii -. ~ i5(~~Ilii t Ii :liii

"fiUott tItli.t'S it 5(•.w i0p-glale of air on thie foiital -I Il a 4 c i I i ii d i
"* sin'fa,'t.. .\.A thlie mir is lifted to a:11d h volid its,; I i ; 4:01)1 ii u,0.-. l" ic'- _7 6 nid "

4i141hii--tl)4i, hv'' , I-.mnsl. fiiiii ill the A\:a iii tir iIi -t - ,,i t - ,lfi fmoiu: I tifw. "1'll1 11:111 \ ii -.k
ab'ci' tl -l front. If tln' wnuj, air is stable, tle 5hw.- : (4hl ir uim-. .,\'t~r;iig with a1 \-ali1M

,1,,I,1w. wil I s, uw:iti forut. inld i lIZiIh iilNjl. Žeeiii, air nmas. These alr iiasses ar:'.(. se)a:tt(I by the
A.\.tliv ir ii lifted lbeyouI theli freezinig level, it-ilig front (10w-4'pes•.ure -arei). Tho coldl aiti behintd
,,,i,,liti,,-,..vrail and light rain, r,.u•\ may fall. tile frront fores the fronttal EuIrfil(e into the

.\t VelYV hil.i, levvls, ,Il)vvIt tlt- t iop of lt' l't' ii, e 3VI' Waiti.l' a:il i tMiSS. .\A Si(h \\ ii the ,'-oss Sect•,Ou,
%%,u, Ill 1wI~t Ht•ll-L .i t. 1 F1gltre :.,7-h.) If tilt t•hld aim Itll el-cut•, tliv \\;tt~lli :tir- alldtl lt- \V rltl'l

tilt' Vi tlill Mil iS ('0 iihitioulitllv iN l stilbta , it Cilli be- ;iii is fo•t-'c l aloft.

-+oi4'.m iil.'t:lblh' Ul"m liftii.z. 'I'li cloud.s ivIll tlieii
I4', ,'.iiitlif-iin. If the (',Ilvgy released is great Characteristics JI Typical Cold Front
I i(lIll. th10st. Uistjtlt'e air), tmldeilr.trin.-s will WVithl I typical nuo'tlit h Ctile cold front, tlheire
retsult. 1]tiitfifll w\ill gt'ulle vlN, be slowevry. Irv southwest. \vilds iliild of the front anld iiorti-

I'll(. 4-,hld or elt the fronital surface of a \vet winds belhiiii tilt, flont. (See Figure 27-6.)
">+aliomt, V frodit il' N Ill.") be li.ilig, but, sili'e it 'I'hlere is warlii lir itlhad of the front and coldl air
i,,ri :ill l es.- iutlit e \ 'c';li'.s. {if its! lover bt-hind it.
ttluiltl'ittutC.'e, rtlt, 'm1,iis are not so thick or wide- 'T'lie degre, of instability anid the tnioisture

A ' -A
PERFE FRONT WELL D~EVELOPED FRONT WEAK( FRONT

IT,

Figure 27-3. Soundings through frontal surfaces
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qb ¶9~ ~ LOW

HIG
Figure 27-4. Station-

ary front on a 10
weather map

HIG
,'-itvill of the warmin air whichi is being u udercut (im). Pi'lots should be able to recogntize and in-
by thecold fr,•nal surfitce deterimine tile ilite,;lity terpet tIhe.se imlol)ltant clouds. Belhind the
0 f clo'ud. (loul fot'matioi, (w'cur inl both tit- frontal slolpe. the t1lom11 are strattiform in the rain
stubh]' ;liid ill stable. w til " llltital. .'Ses. 11 ll ll un- iarctI and1(1 (i'lln ulifOl'll to the rear of the. rain area.
,t 11)h' Wit l'111i t ImlIt.s, tilhe 'lol(MtillPill of thIi' ("See Figure I27-7, bottom.) IIn I stable warm atil'

frontal Slop)e are pretlolnIalitly atlv cumli 1 lOnimbuls maIss, theie • i. struatifor'm clouds ahead of the
rilixed withi fractot-•ttatu.-s, l lillbost ratilts, anid alto- frontal su'rface: belhindi it, there are strat-ifonni
St .,lt 1tS. '1- I-tale o Ih i i ll (I defiinite ilist:t- tvloitls ill aitin areas and1(1 ('tttilulifortn clouds to the
blilit3 ;i11oft ar.I': ,'.I'I'Io-CUIH1I]Ii:• (('v), aIt o-ctlnllmhlls rear' of tile ralinI lit'P . (See•O Figure '27-4 , top.)

r~l•tt'l'.tlis Itt') lli <lid il])Iilll|l¿ llillib is 1111111111"10111) ('.xtplt of tile preecip~tltitn arleln depends

CIRU

NO.. OS., TU-----OIRAU

S• • lWINDSl FLOW IN AND T04EN• UP

, Figure 27-5. Cross-section of clouds on a stationary front
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H I

HIGHH

COLD

WARN

Figure 27-6. Cold front on a weather map

ul' fliv{ b.i Pvt ()f thi. frO,•t:1I l • lrti 'l.. :mli ll , th Ivl~t ]'::i'h c'.lI fi- il 1,iut.s ke -•ttiit 'llv Ini vdi\ i alll~iy tO)

f t])rThllit;1II I Hil ,l~ d i ll - Ill IthI slit> I lit\ .)f t' flit , ,4tV I (ilim, lll i d r (1)11111"f 4MZM'd ( vhliel it gp lltV-

:,1 • •.1 thi'rcb i -- , , lt , :Ill;~r cipr. i . "1'1 0, 4)ld ;ltir v. llrh -. rel;Itiv 'ly" c.]l :.t bi'l~i,•td
f:ItiO]'l : !k' ;It> t h, :rl :ur"lt~-- til rt.r , 1- g li~ lt to tli. , >li fat,-v '(ddh i fr() t I- Onr llilm rilY (111v sil•"• }ldc.

.i)liV.N >,t I Vl'\tI Il i 1 ; i t i' v Ii 'V liltl. ( v. ' l"t'4v 1 I?', ight Ii")l l i: I lie : I.( iI'
(lI h f'I ',tllI t Il \tf ll t1h1 li ll"ll I\111 ;4!r nll4 1l '4 b

:-,•l~~~~t llt':l"-I~~~t 0l l l ; i i l t ~ l i l~ '. :, ) .• . ) f~l c a'4 tt e ri' cI ('l t llIl 1i ýll:. { t ll~i ", o. c)" ( l e a• l . :"k l(' S , g()4 d \'I" I--

N . ) • ,', -} ( ,v i•_, c• h l f~l m) l l ý I ILI ) v vL ; i. t f l ( )] • i l i v v' Ih it ? .% It'h lf l\ t'l v l i t f lt, \ . n t r -: l ( r I ll I h { ll |' m r t a n d
to, I. 1-, ,:--. :111,: !'.- •,;k ,l ,-,,Id fr w,•. 1,1,\k. ;it litlh' (ir ]i) tillr-)LIItellc'e..
fl'()Ill '2i; 11 3:', 'P hl:.. "l' • , ; gt.=': pvv' >ltt , f ,',•ld]I •\ ' {r •.; -, i t m t | { ,.•f |t tr p l t ;

1"l~ IO}vvv -. ;, ; I- Old fl ,l llfv , ll(}hu -1,ý' if4 '(il:. I-l~l \ ]19 t

1111110 ILI.I

li d.It it:Ll i() d :; 1 1 11. mIl til'l, ';tl (1' 1c Ii,, t 1~, \\ll It lit~ lv l lt til,

Cold front flig ht Conditions ;t[fil Ni i 1-,. 111 \ 0ili ll-L i I +IItl 0 <l1e w ' I'll •It•. t 11 i

" " Il-!: l I 1 c):6I (.,!r l \Ili :I h'i d flt " il' i] O it f , < t.
Cold~ ~ ~ ~ ~ ~ ~~~w retFihCodtoslli"tt11're ;11,1 \\rll'lwili I:t• I id, lld tlig~t}h';t
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A ~i~i~ii fliit i~out %11 oivl-''~ ill" flow, lbefore it IevairIles tile. frotit.

oxcvt i ki-h coldtari r. 'i'Ilie ('old ;iil'. btii I g lht-:1 V v :Iti ll[[ 111:1~ be Pill fill IIII. lie %I I' m w a i r :iui i :Is a

]v:ii rel leatv fily %%l lit-iti~i th %%i illul alrb!..

*~~~~~IlIIl dil 41: -1X :111~i~t ct? X'i %%; VlH 14 tit:ll I.f )Ijieiu Iu tIi ( t'~i I Il l v III. ; I( v lln)II. ;I illI

* :;~~lit~~it~~o: S~~iii\X~~iX, -(,;It tiiloi..thl,' Iii hut 'Ius -liti r 1115 III tl~i k 111'.IIjihv IL ~ ~u
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l.owk -r aumudlx 'lolloge to alto1satnlt u11.11uallN .AN tihe frol iu;e a iurt''fie station would
"3(H) to 5(M) 1ihile., fr'om the i.ult- frontal positiOll. observe giadiial cleaih'lii with a rise it, temliena-

pgi l-ecipltation heginls to fall fromi t.liee a1lto- ttre and a hl_'kN~ise shift (veermng) of wind di.-
- -li• lot'itk ;1• tl V IK-,'miI lower and thi,:ker. rvct iil. F1reqellitlv, the waiiri air to the Illt- (if

k\ prec,,.i 1ntlt f:lls from the ;6r, the n wilnir frolt colit:ai.s -,o itoli] iioustilrt, tlh:t. tile
;lIII\ti vIlv \% a i li ; 11(l1l I tI ( in 1 , vare } td ia ,,lt I II 'i," i "t-y. I tlj. 11115 i and drizZle are

the cold air below tile froltal Surtface, and lower not. uncllolmnlll eell after frolltd pws;.akge.
'lol(11- are forioll. ibis pree Ilitation .,ooln he- O'caslioally, the warm air which overlruil
g.i• I to atch the surfaice and tile ceiling lowers tile frontal surfalce Ilay be unstable and the vei-ti-
i nl V i i: i .'- Vtl';] ;lY1S i•f ho\Ve' t l' it 'iclo ds chd al lmotion Ila resuilt ill iriteli se iiitnllllis o tlhiimi-
l'roil ill lilt cold i ;i j mid ex.eilhl 1(1,St 'lI'imn to derl iiiOrill a,,tivitv. .uch tIliitiilestitrili,i lii bv
lie .ulif:te. It is lint Ill IisuIal fIo" the tratn.Us to oibc'ured by the st :-:ts clo'nds mid I thui-, nlot lhe ap-

v*Xteildu Jll tll+ N\:tV loli to the srll-fatce ill the forml parent. from all aircraft apploallhilig the fronlt.
oif f,.. Prtefrontal fo is, ill fact, often te-'11r1ma In this c,ts.e, a pilot 11ii1N . i 'exlteIly el(l.lliltcl
tcrIll it 4 ia (liii rt. iltin!', e rv elibudiet'e, hail, and iiutl'ked tomli

le ~Figure 27-8. W a rm
front on, a weather
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Figure 27-9. Cross section of clouds on a worm front
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%%I11 ;i T,, il• l~ i , l' 'l l li ' il i" ;I t•i, i .l•\ i lilt- ;iti :tlilv ild l ,f the{ \,\;kirlii fl."ilil, Ilh , frol tl m i \ chI th

I! !i ,,i .F 19 11 I'll W '!,{,, :1 \%:i'.v 1i;i- f',i lit,, - 1 w''• q • '• >i~ i \, he ,i.,ll themii \ h,O wn Ilw ,\' wil,. l \ biii t . ;L

,,•ld1, 1 l 1iii I!il \t'-. lii, l 'llit 11i;11 i ll -• \\•* ri' ii .()](I1 [nr l tl . 'I" lh l- iý :i 'o) ld fi'o ill ol -i''lil il lli. itli~l k'

wli il 0i1, . m .i ; i i .•li (. v.:!l11l ý,v, I,) N,- '; l , III(\ Il -, r i' lllliil h! 4)1 li t ,i• vi' (ll i 1' l • i t- (,f ' I i i ' l il

I!,)%% ilw u p] -(J d !,. ''; ll l ' l l. . 'r : ., , fl'llw i 'llt';> Inl 1':1l e vltll :Ilr :tý, .ld v\:ili11 li 11 (ill([ fi -'( l til'

4 1',i1-l ;i k , f. Iiw \\:I Iii : I ( ',.I Ii! -t ;11 l.'!vt I ('ll'- ()I, I i If(,•- •- • " I', lll ( w!il Illviil;Il ( '1,h4 (C 'P Kl ). o r"
i •~~~\%;i\t' ;[il l, . ;Ii I l , l l l ! l ;1\\;[% 1 1\ lil t, 1!. ,.All l I , (-(:I, IA ) ;X 1 ll0 1 ;-tv \c,]id c'l ir . t 41h•, i l. | ' l ;%fill

, li ir "1'1 !• PI fl -,, ,- 1,\ '..ý!;ih I!!(. ,,: 'l . .. t l- limi t.l (h11 .1 -v' ll~ill tlt-, skigiml illll , oldlvi P ol . C oir' ll-
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Figure 27-10. Cross section of clouds in occlusion
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Figure 27-12, Idealized pattern of atmospheric circulation
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I, Il ,r iL_ >l t I,,I- I I til . Lt :t- ;1 a N i it. • l It') d c- I,:it ,lhIv it) Ilit, fi I l lt ;tw d 211It ' 11H I leh.- all~tc ,, 1 o f
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c'-t Ild 1-!I t I vI I" t I I;I Imn v IlI, '. frI I It . I tn1l( ll ..i I h \I t,.I . f |lI l j ht IhII\II , tI It, \ý ;11'111
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Nat iiilly, th upper l ~ijil egifius 1?(4)Iui2 1'Ittll11llted

I st be(-ituse thI e temnjwlat ii e is 1N%(I - ;i' t t I e lIile

a ItIt [d . I',v I~tl~tIvt h s (1old 1Ivv- aN ill e -

1I N.IlX . eliougli tijituilleuice t;ls 1. oa i-i n

dark. becawije of ( eN.ngoi veet ion cutirelits and

.~er V*1 Su1(litiIv. It i., this s,uddeni *Io.-in- inl after

datrk that liiakes this type of f(.(, so tlativeroiis.

.\ i:ttol"' (a 'i. oifiooted \\]ith Z-4 VVIz' I uel:g .1 ji

Figure 28-5. Land areas in the United States most
often off octed by advoction fog lid ritv5(i jI i.h iue

M sch iarrow I'moak of p1 114ipitLtioll and11 highi wiiitl

'e'IT i that crili fr-ont fog i' iulj1nt vl

lilt WV:11,111 fronit fog.r iio(m vvr C , 1' cotnlllo~l

*a l f1111 f tilmt-i Nfi-."olii %*;ifie.%. N~1ui h produtli i's fog :111d 41:uiigii-oii. F'm-4oit i 'sle i art, (ill iet c.Xtll-.

- onl the eastern slopie of thei Ro(-kies. sv,;t~lli \\;a'liu fr'ont fog ni13Y t-MIT aI \\]iCear

1 10 Sinc it ex,einlds front. thu gromi,, to til frontaLI

STEAM FOG sficit is also very (feel). '11wl cloilds abomve

Steamn fog, ()I- sea s(k, uciurs \Ithin al-eiir o '11g. All tiit.A f~t1

fmoii lt sift1. 111111 o i do. ai t Ia lmi tog. isd are lrnostil o.(p z.Il vp o vt

Ii 3ý \k 1'c 1113 -. 4,1 133 itll iiive. l, W3 :1 1" In wat% .

p ira It'l t iiiii.l s ii u-liv i 'ii it h k:1Il %\1131314Fgr-2-61.so e o tn

.. j -:1, 1 'x sit II 1-Itv I I(, c ll C:Ll~ilg f ig. It r8-'
fr w tt-,i-i e ii 1o v tam t g 1ý loý

'It 
l iflý. ~ ntl fi
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A. WEATHER MM -

WARM FRONT FOG

PRIECPITATION AREA

A

B. VERTICAL CROSS SCT1Ol N'
ALONO A A

WARM AIR COLD AIR

Figure 28-7. Warm front fog

1l111l sv tv l gmptt' IIII)I(l t llt' flll9 lfwtV belll~ ' "l;iild t4) vi'.'"~v (

I !1 t fv ues~ Nl W iltl ngý h i's limllli (I.i lt'ss Huh Ii

D ISSI PAT IO N O F FO G (wf i ,I it i( iv fi I IIt u,r %i •ts'• vli- ii•u'i' l fliIil:tI

l~i :• i i~~l h*l~ , v ,.i iII.l 11)(4k f,,r. ;k ,"'l,, lkil"

"l'IIl hte ',,. ~I't. HI~in fu sl iti 'II',;II• \\l , l1l:5tlv hI v' ihlif thw hi ll dii.i.ilhht fig.

;11:ll .h ,,ln 11,) ,l i- P.;l ,:• , (i f t. ilt. \V11 w pll~ l . ii v'llcj',1 Iv ''I l h II ':•ng ~t I' k4 bY \\ ira ll'td't. •. ill h ,; t .

;lil l''l~ iic,i~ h , I l• .] I I'i 'l I' li-, I lu ;.11 l | vi h )itl ,'i ,1'e -l ,'11w., INFe \\11.I i()fL ,lH ll:w , I II'

~'IIii. l! 1, i ihi v Ill 1Aihiii ii.it th i-iiV iiiilit- .I t\\|t r I •I iul i flip I uII iil.iuuull l I it. t itl
,.,,2 .,l - If O w f6ig hlý,,r. . h,, %%I ll I I. %li fill -I1 . l\ ' I'l' fi rlh -

fI' ,, li.' :,' i: 'i' ,, ':'" Iw;,' W II M, fl'"' • ; lil ,,p'llZ ) hv ,I , ,•lit, h ill\ fif",elIfs m id~ ;11 liill/ :1, ', Ihl
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S1"- occiri-rred. Sohl.l ti•.f : a li;ftlhr elt-. rmod svq|lielwe'. for l11-vcIjriita 1,11 ill he I t:l ' i. unIl
IlIritillg PIro'uTh ('.• IN),1VLntx V'urrlllits, (hILllt's check NiIml diirection and selo'ivl int relation to
liquid Illoi:.t ie to v:ip0.. iMidi l1ist,41 till tellileri- topotirualhjil .v. ,e Ilrti('ilhrlY alert to possible fog
tit .. "h I-it %111 tt I :IV ,Oml)111i0(h t t Ihis t I Yawly I it(inIi Ilals 1 h I ie Ioast ("r ]:1'ge bod1ie. of \\ atel.

ff±)Imcd vallor. I [ithI i Illc'hdh.- ailro'-t all N.avald Air Strit onls.

* • S et~h 1 111 altrliate itihild x ill .e II.go lg to v( asta]

FLIGHT PLANNING tij, rr11ial.
"If *ou\ oIll) tvlltO1 ll||r( fol- :it :1 irritrl nil. i lo/u t

S:• ]"lght lallin ig, nllsttlw't' i..tleh u r lntolls I ;t (a;- , / to .,i/.ti '. 1'riO(titd ;it 0u'Te to ,n

.oll,, derani ttoh of poss.ible fo at ternuilrin.lls and al. nltelIllate w'hiclh is (clear xv'hilt xiiu still Ilhive plenity
"I" •l :itv'. oil' lt'l';ill'o , for" ftg ' llrrirlrt eli ml o l(if tI fif lel, lw l'. the co)inlitioni 'lilnIillg fog, m tli

si11:11, c ck t tlit fore•l -- t 1 4 l Io j sihl( lit t rillilml Imllh ofiftell :,plvid ti (thi st n s Ill Ii llhe

iof fo(. A ft-% degi'ves dli-op Ill (' 1 ol w't lli'., :i fet\\ 01'1 :inl dom)5Q tilt- erirt'l'l .•, 11)(. rhit' oIllv IX-

L!r ,ts l lor . r ill \lid ve x('it v, lit- a shift 11 X\indt nt' tlioll is \vhtlit-i die, trnlillal fo lrih.its its fog to

Ill;l\ b)| ' fot". (lit
1 9  sl ulttz foir :1 dei'cra l-,i li'fl ioli and t 6ill ' 1t of Irli.'val is afltlr illout

rlI rlljl'atr-I tll' - (Ilt t .i ' -lit ,- ,ichuck x a;tlir ltlo- iI II A .. M .
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RIME ON RIVET HEAD

a- DE-ICER BOOT

HEAVY RIME FORMATION CLOSE-UP OF EDGE

S, Figure 29-2. Rime ice on an airfoilI
tatit . Tlie rihmlrop• failing it() the IoI ti! iltos at flight iltittuleay n v ;hllt ill sleet (.hilng-
freeze iipj ll colzitt *%!' iti the alicraft if Ihe teIvI-i ing to gl aze.
peralure Is w: C oi- hltlm. Fw'ezin., rain is the
n1(s1 da(ligeroils fOrm 4)f ic,, it ciii buhild to elior- Subcooled Fog

ioh1-is proport'lolls ill aI few 111illutes ;illld is ex- Solue di'|Ise fogs c4on1tai1n1 -. collsidelrable pro-
treniIelv difficult to bruak lo-A4. ),OrtliOI Of .SI1K-'led Ilmirticles which present an

Since freezing rain :ind drizzle ire k- uliloly ii Wing probleni during ru i- up of elngiies or taxiing.
the re...ullt of %rllin frOnt act iite. ill:c i bhe
ivlijitA e by 'liaibinq whieL e,'conllteri,,L f'eeziilg TYPES OF STRUCTURAL ICE

-_ I'nLn. biut i / i elPiq.. when Ph(O lliltlln r frci(Ziill

idil 2 l, Fig. :29-1A) There are several types of ice which will ad-
here to the surface of aii-craft. It is iimportaiit

Wet and Dr, Snow to know the vajious types of ice since the clarac-

Wet snow conhi ned with frieezintn ra in formis teristicsFfieach vary. depending thle type. hle
a very roNIgh glize thmt is not easily reii,oved, and typ/, of ice that- will form on ally moving structure
i- suially 1vasociated with %\armi front weat her. us1u'lly (heil(ldson 5 factors- -tihe free airtemlpera-
Wet sno)w i doLe is also i potential icing hazard. ture; the skin temperature of the. structure; the

Pa;-ti al iieltiig of lie wit flake" and subsequent surfa'ce cluiiacteri•sti,'s of tile st ructure (conligura-
fre ezitig hv eXlmaiisioiiil cooling Or evipol) aion iii -o, ighiiiess, et c.) : the size and ,o')celtratio,

lpro(lw'ce tilie ncenssary cofllitions to freeze them to of wtater droples; Itnd the atilount of turbulenc'e.

a iiicraft. Rime Ice
I )r\" show orv iceL c'v--tnils ii flighit offei- illP)lzarvi, but wlieii tlv h 'Yolle,(i' oii fl iiircrtft noitn iie w isi a grallular, whitish, opaque, rough

r'recentlv dlraw \i froi : liatligir fill. loading the llosit of ice formed froi |iii sul)ercolhd watr
flakes will ;Ith alld fr-eeze if the all 1. (0o  1. Or dr)l)ss fOluId ill stri tifOriln (luids of stable alir,

low'r. -cin ice usil v Occur.,s ait. the lower. t',llrlitires

ill lite Il-(lie o,f 0 (C 1) o - IS , ti hltblough it. hias

Sleet I'i'il Obsevi'ed with Ii rerttires is lowv as -- It* (C.

Pi Ivt5  of sleet aib l1 will nclt form WI. i l 11 1 04 rlso ill ('i i li1il1is clolds aIt tvlilf)e tlitlres

ciztfl, hit rli-t in ier l ha.0 t : sleet i.tlit lii i i. it. s l,:: h -iip rcl',', l w t,,' diropleth that ýtilkLs:
tlll , Ilc.4i i 0)f 0l 1h i ii mi 'Il, s Jilt ;16 1hv ni i ft I,(e 'i)i)itlihte)lv Ixfoe ' lu(Al)hem.

tIw slveet . .\Ibv t~u level tlei hii wI .l. iV % I I- doplht u'm,11:'Iii e al,; inL g rl )nd f iikis i c t :he ifll, p :l1e.
c()IIit Ieil ed . tem'111l.rli rI Iit :ui-e l Su illI I l. ibovt frl''z- l e-ult, l g 'iv (hiplfSilt Is ill tInt fi r!mil Of filly iN

.____- ring. Ae v'T slight 1ii:Igp ill iologi' il il tl'hl' froz.mi lfg liil ill pn miaI-, \which
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C ODE-ICER BOOT

HEAVY GLAZE IN LAYERS CLOSE-UP OF EDGE

Figure 29-3. Glaze ice on an airfoil

Ij IV I;It .I V te --l'. f e l1i t,' lieth ,;i , (i)V... lilt, t pt :ild l• ti• t I I( ftr it tiletI()'lllIll- I l i+llt+ flvezr "t .'+ he et~ i.t l \ >.It1-1lt tlc • I ;Iit- :Ir- f] ,.CI ,Hill :0, Iiii+ ,,f ilhv %%ilt Ind >t;,,ý l .lt II1' fivet.

r11 t ft l I ti e l li hi I ii f:tI)a till tilt, l t. vli" ilI fv f/c ginto l i c . I lli g l't'I llts if

G la ,~the Illea; e'' it " :t, i e': tl fi'.'_" liat t4 W ;:lll tf',il i l-lt-I'
apt| ]t+';t I/t', 1 ;II t'l L h :+-ltf + 't -I I ., lt w uddit' ilt , (1;kl'+'~ - i't';~'ild bew I.t It 4)\vA1 bol'~ l f th eilllt f.l]"( .I- the.;e

Gl , + ,la z :-l;le a •ice ) >- ' :,I I'I t ' i z lt + _• t t .llth + rr i~it~r l ti ,;t - r lfm t+ ,l :II ,] tin t (i p - hl ,r .

I lo ,it ) 41 lie ' wel. l-Wi'; t i ltli e i e n f l .ti.

* i 'it Az ';it - .llll ( if 1IiIttll' r tht, Ic t. ht u d r , Comr binations

('h /l . lIlt-i I )•. i hw .--ll'l ', vi I' i' ittt ' ll, I ri t%%lle Ih t, I" Iflx. 't wf Az l kt' II i t ii Iii i tnuu I I ii i-

I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~i" I1I v.-" II IlI~l: I I I I fIIII•.III-1 t : I I" ! iý k- ii I ( o I I I I I VIT pv \\ ce I I 11 fw i ( f I ;k TI t • o 1" 11it

G (z ile IIg ce) ilr rev, _]1 t_.6_dIIIII I tli_ ",vlt _i_% ralt e _'to 1_ _ _ ._1 pro

Il-41 i!;itr f,t in :im tl[ .trittltlw. I i t I iiiii ,¶i teal. Combinatione

I l'-t' i-- , Iit I w' 1 1' f.11t ; l + It lir l. -I , + I . tr- , ': t I .)) . V! I• , , rIw • I, t'+~ i i t. t )"lt II:tyc . 1 1Ire I- clv 11 -

;k I Ill Pý,' r')l,} ii (I (I --.. It I" t t'. It • tt ,• I Iw d I.I *' U it t v a I it 1 - :1 Z flt•,' tttl fi t \( I +rIll x lI I,h I. 'it and

\ J I f' } h % ;t v i i -p.. I ,) \ l st i It , v : m ,t t Ih , l I, i ltf I l tl - t c h. (. 1 i , I d t h i -. t tI<i-t f~ t • t + llvv i l t < • • i it-:t • < I l l + ' t vt '

i;it ' - l ,,. l ýli kc, ii t h ,tli-; iiii- p llm -:t~ he Iv tid ' ;I- It, )\% ll dw, (+tt i -. t) \ll~l ]'t•,.lilt t hrt11 to) a l t'Y~

ill l~i• . ,; i < (if fl, t~h , -T If , ,,,i l',, i, ,ru.-I , kt- \,k- l c '+lv t ilt' t 1+ I, Ni',, ct . \\]ilt' fh wý' "lilli.t' , + the• 'l~iqll -

l'(\V I'tll 11v : f i', l il 1)fI ( It; l -- i t ' I N 'li H ll ( il, iltl p ] lit v. till % •l l~v f +iltriv l. ice i f w llilX 'l'v. t l till\

In I\t 'll \\,lh~ + . lilt' ;tl ;i <l ;If ll- ; t t,'h 1 'l) ~ %h, r,- l (d+f '.', il :1 tll migh dtvllL'>

l,' , t,'th ll iw ll :'l +v "• t1 1 , O w n - I :ll l l 111t., , !Ii )l l- , r . > l •\ l : l t:. l fl t t l t t ' tt l t , : it'f''i

Ii-+ l i' , I lw f 1IIIv~+ ;llh'cv . \h' I tvr, \%l,, i.,.+ l~t+l l',I
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1,Ir~ -il\Xk :Ind %kt'' \1, it 111:1%, ~tlvIolll 4ANTJI-ICIN~G AN\D D:E-ICING AIDS

Frost p41*v(4its flilt- f"'4 l~lilol l of We, :11 :I dvW rit

Iii~illi1 ren1 Itit v114 .f:l itV t141 Iv( I. . A4114 ii! i lig :k]Ii t A. , ' I I v tIP

Ilia N* f Ci I it I .44)44 I ,4 t e :41114 1 wtilt I 1 :i 1 v.I 4)t'l I I iI14 tui~ 111 tX Iill 41 t41114-41

t4\1 ~ t, I .Ifv ( I I ....tI.. li wft k11" l I lm

1i , Xtl \\ f lijvtil t 4 1 ,H)INI I I\'lt'll4 k-l Coiif lt:.1441 % it It wiil ~1 ti wl I itit-[ III ; k I41 4; 4 i I\ I %\14 tiIIi II4i 1 II t14 1I

.4144' 4  '.1 't 1 l1dlI llf; I 4. Att fit'. Itilv 4 14't 4 l 1 C It4 I I-IIW tl Itii ii' I 441 'lI Itd (Hut' it I I I I 4I 1 lit ' I 1 1 . t I I jIl

f( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I in fI-i nq IIevvI 11

l4oh gom. In~ L e c~l __ I l(1I - 4't kItIh 1 4:
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r- ovtt da :1. 1, V III,'44 1 \0F 11' 1 1 11 tIII 1:1 1ý i l X 11i' f c
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k\it ,-ht ul e - li-li l iti 1it-ell l lefirt'. fi it' tnei.if - I f wo( let vith li 't letar r .rime it, fll, :a .short
1 ate jt, l tupo , tintltuleog n icin1 Z0|;tt Miltl shtulti tliu tiit , only ;till Atoil are vt'ttilit i yoit will w t' itv tItI ar

k ti,| e ,d titit tiitttlti " til it 1ii thy atlrttnift is otit of Hi'l -,i(l, eI avt'it\' alone. VA&, the boots after ,nll

till. hill.g Z01 1,. aret' tl ittiitil t -m i il"g frea to breatk l, :all thiat will
l)c Ii, , lg It(t, - .i•oulil lt" u.ted l ilttelii't te•tt'll \ . 'tole (' oIl :ild let evialpo at'iol clealln llp tth rest (fi

and ,nlk aftetr :in :lpprte.i:ile t lIti.v', of iw'e has tOe winIL' fltr \o,. Fly tlluaitllly thro ugh Icing
;a,,liltii tl:nttid tipoll tie bqiXt. Ice thit i liwi+ :11di, l iioo ' the ,'olit'oil slrf:actu fronm titlta' to titlit_

L'c til t\NN :it" It tit'|10' f I le i:t'alIve] t uIdl Il the h ,oot if tIe a ir iý !,I]i iu ith to lpte',,\ke t tlejtti fi'o0tt ftl''07iti -

Atlhtoild be left It w ill not lie '..lliiitnt to iit the hinii',:,. Dh,-iCilig boots S.1houhl ntot lie Aisted
ct llit.-v sel'IMIS.' 1'11'-14i1it'+:: 1tt i tile 10o tS, :11Vt ,lut'r i. t~tt -(tl'l~ ] (it- 1idt i ntgl .

ltillttw l k i o In :i li:it! (,f •it,' i .. - ikv'l\ t, I, ] o t tb.. ,. rtI i ,imt .io, . fri- , etit Midtl
br,,kc in ;Ilk'. A iifnli-" tfht et r'il: ii not i i ii , t re, 1:1 fl till

dtv-t1)V flit' t t't, + :6 - l tlt till |hi' v '1i.111 the f.Irlltli- thl,' :tr'l'k;If1. •'\VV,T Ill ,>;Oi~ti.ktt'l W ithI h'VI- 11th il

S 'III ;I,'t a• :i ii..;t Im -r ,ji•. ftt :ill ;d th ji~t~it we't to) u Nlitrl .li lti' ]., c'h.: l pl~ kitle.
:1 i, itIir, t,, 1 ,dthlatilt iue, fet N.veit.

.,, ict Ii iii' it' i-i iilV fiii iS itt t lit'\tinii._ Ih - THE RATE OF DEPOSIT OF ICE
ii,''. tuit.. i,,,l, ,ti tilciut'.y oOf tiit tin is ON AIRCRAFT

I;Ir ill tllift l,-l i t. g •i t tl i a b tter itititl , ii.- iiitft a t l, i t herI ileil-if th, ctl ' uild-I1 af
I'l ;1,i 1u,,:l( i t.. , If i hl-r:,0 4.h111111i \ hel, \fmi til..,v tilt, tht, k :|itfillm|i (if -•Ulp l~r .+,td •~ t~ li t,-• l k t~its ~ l-

l1,,,>: . !f ,\fi ll 311(m I( ,,, th ill'I ilp I rw , q ti .II\. Ti*lt' lit'l itlutt' t, r (4 11 :firl, the' al'ta: atttt rtmu.., lle'-•, of thw

it l it i lt ,I A ,,tiil'o I'llt illtI t i"c iit 1 , 1 le I I .s t ta 1 t I v- ftct I lw I I lee l cItt it il i tIII

kil1;\,t)lcI tc lo cc ilA il tiv l. t, Ir I- %0rt+<i ;I 1 1h i C nlint. "0 z~lt..'tf I I I t'f)ll.
I'll ti I~~t (liltl I' lItH t |.it|, il caltl I |':ItA';it"1 1 11 i IIit o()I, v f lr i,,.- kill thI li v A\ IIIg, t 1ý i I rli, f ell a c) l , t tt + t I v l, lil" ,+i" 1, 11d _ tvr | ;t e 1,fl ' + 1| al e tapol.l t In 'll-t l

:lI ;A it miti..t h e t+, tlkit - ii~ lwlfto i t I t, i t I vac . ;a strIvni .lh-r ..t~ l it l I t -• ti ;li il l • -~ \ lit' l ý c-l)irllf: *i the
l i fik t t h t ' .) ) ) ( ) t c .a t i ml~ t | lm -,ý : & i. l u t t ttw i -e c t i v e u a t i o l l a t i r . I 1 -l l r ; l ! l- - .l~ m ld > f l i t , h )\I"o N't l ++ ' iv Ii l h

I.•, fakt-.• l fill) t... di~i , tilt- 1( VIt'| \ l lin it v't c'rack],; atlm , lwtr' ith"l i'

I l i l ! M l iv til l \ | I n fla L l t e dt t l : I nt it| h t l v dt~ .e ct i o' l< l . S tk f a r t : 1 :ý t le m p e t r i l ! i l l ' iV I ' - t ' l i t l t ' ' l i t ' t L r t ,l t ,ltic l l rl

lif flit, lit..!,,.r :il;tl tA% ill iliw lil' ~t' ¢ ,kill. V']\ w>i''lnlt't lh t lill t'I l" ilml~l' l .:t lt, ild ilitlo w , ithe Ifim etr 0 1", aill.

tl l;'11" i\tý t il 1 1 'I : 11 l it - tl~ ilti.it-1 ,111 t1 f l• L l' - t o, m~',ii ti~r ,-lil .y I ift. t I t,'I. l'l'Ill it'll II\I. i illtl t] , I fi m :I!. ctlb• i

(1!,;;i 1i l t I~ i if m li li --1 : lt 1 ll rct fIIW kIr- ttl l'Z l m -I< nl>l illli (-cll.h I l I I \kil' vig Il''>|I l 1 it l't 11:1i t l :t, +ll il)11,r :1.

I ,, l It ' ;If l,, 14 t-. I t I- ,iictI lr ~l~itll Ih I too m) I I I I:ir ll, 1h,1 dohItt' 'I, Illl• . - T vi IIw I, a m I I tv o
I- ;f li< ,t, ltll \e,;(,,ii Til' . ki til ,)l~ll ' t o, tip.l, icei~ l f 11 1 . - ilf t ' \tr h h th t r th ,.

r,, Iil, , tit m-- It\l tI ' l l<t- I l )d il I it W h IvaI IIIIlk",->

(4f tlIit, : 11i l i:i ff b~il ;l•l l•t i l ihe i w il , lilt ;I lit 1 wliprii., If ~I I
~- :III ,r , '. I<u h l i l I, A i~ ~ I wlit k.. :Il I f I I :- I :r

.- lh- ,- lift rv -. , t''l y w c 11 1 . ) :li . V 1. l )ýi'- , III if u i l vý-I I .. l IlI'Ia ) "1

f 1 • ! ,t, , A\ I wl f11le 1LI1, 111 lll~r I!" I,'ce f.,'llll i(l wi I I

w,,,• ( A I - I ' II <i:1 m , r m i -' l i '~litt I> :I I I 1 11",1

\,Ai v 1 t i l tl :.1 '4, l<u '- f : II I ' ;it !I hliHill I>,r -

I'lll9-ll6- I ; Ir it' II I -I;il 1 4 f --
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Figure 29-6, fIffeci of icing on a Jul-flow l.t en gine
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Il, -, f ll-, , l, .% -o , (,! , 11 ,1. w l, ' 1 IJ l~ h l ,' - , , l, I~ l i l ' If++ 4111 ll ' itll I I • • '11 " l r 1 'I i tl ,l +Iti 111 41 11 'la~ l ' 1,

I% ,I l ,if I i I, fl II, I -', ill I -ll ,P h ,li l l l ,il I llIII. 111 1,' 1 lI-1i 11 1 '? o,,lP. I ) ,,Ill . ,IP..I Il,,l
v.i, P ' II ' I I',i' I I wl l, I ' i fI l I I i, l l i t 1 1 I i f0 i I f- I' l I I fill i I 111 llh I I+ P u11111 I, ' ,+111 , ,s ,+J

•,III, ~ ~ ~ ~ ~ ~ ~ ~ ~ ' I• -I,, It,\, ,,I fII' tl I.+ +.+ • I,-. , I, li,:I ' f I, "+Ihl' I f !1,Ill , If, fitil. I 1 +

.I Ill ,-4 - l ,v ,"1 1 i ,t , I , , • 1 1 1Il . I I ,, I f,., l +, I ) IfI i f, it- I, , ,I +, •I ,I ,'1,1 , if f y hi u III ll I,r l lhtill 1 ,~ it ill m ;!11r , It'4, l".1

, I ',, 4' •+ lil I, II fi l I 1, 1•, lh I ll l~r 1,1 *ll , i I+ ,; ,\, 1+ lf lll•it I Il ,,,IIfiiiI.lilt iili tl lDQ 0ll1P. I

Il', l ,. y ' I ,,' 11-f,' il,%11,l' ll $, ' ll ,1 ll pl ,i, 1l i , 11, l " .

Ill, Ilew 1- 1 , 1

,.,.... I......,,, DETERMINAT ION.. . fill, IC.ING;#, ,- •oll I•,h l ~ I' m I~n t1•, I'll II 1% I 111- t , I 'if- 111 l' l' l'. ' •1 1 , H • I v a , I . ' I . .. ,+ ll '

. : , , , " . .. .•I I wo , fil I lvil, 1 111,1 1 111l , 11 1 1,1,' 1 ' 1+" h" l- , ,, 1 , , 1 , I ,i ,. i t I+ ill. Iv 'w illl,' ill, 111111 I+ ' V 11i,,+ .+.

SI~~,' I j,h l ,l it m ,l ] , . ' I Il -lll k+, + Ill- i'irlltlll l_ a
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v i l l IIIII h I ; \\ail'jii N 'I'flr t it'illg- i liot stloll. (Coll fir lits (.ro.--.ig li, 1 iit, iii[ 1)'11 l ICr

Idi ds-'' l;I V ,.lililed to I li '.t- pr 'iit;I"hil it'h ils the Sie .,rra. the (' Lokies. Or A l-

.luhv w IIhv ;il ill llii siturfm'C, but is :lso to be ex- le],u.l i••s (.:Ili fregiilteitl" be counted us)pol iL. ('oui-
,'.'.'." I ., h d ', • ll~i'm Iiel. ",';[I'ni ;il" l l~- : ,hýIvk /I ...... or- trilutizll• to ic'ili- c'oll(II-im is of ýý(,iioiws propl',o -

2.'"-" ll fi~ l ll s;|. ll t,\ 11 ;(A e. II' l ft{ l.| llt' of V i t. he I)10.'!S.

;~Iil~lt liii th 111:1, N; iloliiui Aroducte N fdvptal Crossing a Front

tli.rhir to l li, r :ititlulde.ý xvith lowver. telit- One v'erv 1l1 )Olrt'l•lt prili' iple whlich IIIst beI<•-'P:;g'•.' ~~(;II( ,tr i,,,-( l c, , l oid h'N--.,],1, vii ,ic rall]. be Saferu keplt Ill i,,i,,l i,III ,'c ,,l,,,'ti,,,i with :rrlit,- -s tiba-]f

w\ll fvi ngii towarI tle. NV;iI'iIIPI. ;lI' lilhlsS. a f io.it ties Il.lr dlel to the c 'ourse. it 's possible for
"-"'" !l~~~~i';I1.111 f'r,,]ilt- f :;Il Itrl\V I,'vt'()lliv. u. ;!lti lm;l-N" ;111 IlI'1T';| t' tol]l'l~. l ill the• f'lolil~l:1 .-Ilr''fi '" u rvl~

•.-.p)[,Ihi, ]ii:ll'.•iili h tqlle I, i j.rlý l1u1,14 : l t iillg :a b g , 1g liht. B] Ilyili perlpelicl'llha " to fronts.
/,,lc. 'l'v Al ht'l • I llv I1 lid [ i et. a ll oillitliii VolII I•av pass thri u •ii hi (luickly. In tills C'Illeev0-

~ ~ 1:11 us hetoIf) wutii fill' thisc ei-olidt ion. tioli. keep iu 1 tlilil aI t~iuee-diliulelsioliall picture, of
•.... ~ ~~the• fro>li~ll S1r|1 m'v so 01:11 it" yv ll filld hWIll- Ilk it

Cold Fronts f'(ihii l s.llt"i' vo, i , %O ,.t 1 tr o dii ihillli l)ove' it

.1 1 :Is 14I ft 1 ig :Ii,! ()lilnlg pl'( 't';- ale ill the dilect ioll ill hi'h the froI tl llif hlo es
* :t Ilil ll I (INlvr I lIlllittlillS I li tiis ita N, fronl I theiuli. ( Illl Iw l ld.

N irs i t ' l VPill ' , /Alllis, n st lolig ('olill dll o-

Ii ali a I-,I i bvl I I Ig. A iof i ' e"i' . '-( i, Ii Effect of Mountain Ranges on Air Mass Icing

o.r,,i lit i 1( t : I I,., I II f•'i t' iili ,l iii- (i1''i . Icili. \% it ii 1  l ail lirltss is fl't-ijiieii Nl . -ev' re
-7 "1. Vtighi l',itl,_ ii i'ii rnlllihlbil ulIige i- oivetr hire r" lig ' ik]. oir t. li. ,~e, liinillli talil

111:l% v i og IIiti ili t to I i i i sr,:iv ili Sv,\',rIt.v ;is lte Iktilles. 1'h 11, OI lin:iv pxtelid nIie (istaliu e 011

i-iulil m ilg i n lv l" ui m iiiu'vili r ll iei'' t ill uii ilej ', (eills " ]ihei of lie' ctl'lt, jrli'iii])allv" Oln theV NVilld-

:iil uliixiii• is lii'on, lpiounlliiced. \Vwa'd side where S U)pllope etlect is )redlnlinliallt.

].iiig ;i()li~i nhl froils In (liti, si. silijui \Val- l(rIg. 29.-9.) . lin gelieral, w i•eii stble air flows
- -h . f'i'lei " \vil 11 i. ' or ill Iii]' alit" r • 01 l hotlIh. oVI•'t lliwii t:l ii (1ile . the lit'iit of h'illr (h -

4' " i fa I fi r lv i'nilllill} ' cui'irll llve (hl'iliI g till , ld ' ;le l;l)idlY ab)o\ve the topý if' thile, 1nollnita lis.

30,000

1ho'

.......................... ........... : .. ..........

NO ICING E V.

r E.... .... - % ,o E
• - ... "" •COLD AIR

,...•'..' w~ u AIR LOUD
•"';""" ••"•"FALLING SNOW (No ICING)

.•• .:., -Zlool POSSIBLE FLIGHT PATH
;" DWFALLINO THRU VIATER-AND-ICE

"rF IW0LEEICLOUD
.3• WA 0 rý T 'R- CLOUDS

'•"L3 0I00• •ILUD-' LIH ICIN

S• • • -- •LIMIT OF HEAVY ICE

,•,i.Figure 29-7. Icing zones along a worm front
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30/ 000

/4? A.' LOD CRU• , / , .. . . . ..... ....... . .......... .... ... . .............. ,i ,.,......... .. ,o .... . , .q- ---

IICE

1¼ •".1 iFt'5(I 1 i gureIh't Il9-t8i . thin•zns alo n o ld frontlsiite> itiiir iifi'titiij., '1
rim ,.h H~ ,,;• ~ P.,'• c wi,•r~•rs•'_ Th..ill ai t ,.,hu is ti't'tiit stl iiildl i (lH i of 5lt~l iS|•o

p Ii nl il i ith "iiiL' ~ii w . f (: t•iecryint ti~ • i'•._ ,'• ! -]0 . ( tl de| f ~ •- )r.s.I

I1 akllt'Ti

P irit' ii- uli~lhtlI t iM tl\' lir ,. t\'.ist l t •l~St ',tif v t• { I c .~w h .lhi, le . l,~ \'. (})(

I (I .1 1 ,Sutte., tlil' ll•(v" ,Mtn •iiuiii, tilt
1] tl- Weather Forecasts

Clos. to tlih c,.1.>., (lit .\1lme v .loi:l 1 • i\ litI likltrll hhv:l l t " till' O cu ililnis' x i" i lins .

p al (i 1 tilt:til ll t i it i, (,lt, Ilr ilie-t' htllit . Since it ,tlltel .Is ,t5pa-lhl' thi l oIl, i

ki l it v I (to pI.a .us ist o- ': , i I" :lt I',; I-q lIl i', l ii t'• lit f, l--I IIilt " a -. olliul tt i iof tll I t.

fit(I'* . "l'Cu'l fi the il,'i-it:--, if I l Il 1;-s il v l-, I u i i :r y i th ur,,.n• .-egi on, s i]. ;'t ,., ;~iý A I >
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low I:11". oft(ill exist at the Surface. or at a parlticil-

]at level, whilý ,emiperatures higher ill thLe atmons-

phere are above freezing. Many tin.es ou can fly
iat the altitude of the inversion, pi,.kiig, up icc
only (11r1in1" the c 1i'bail tle_,.elit. Soil et inues,

hlowever, the l~iaer of warl'll A.t which e-seilt'ially
conlltlpO',.h ait it\ver-siott is 1el:trively Shallow, and
icinga colditiots tnmy exist in freezing rain or
clouds imniediately below the iiversion. lie care-

ful in selecting a cruising altit.uiolP 110,1 •lningit.
S......... ,',. i h ji tis :tic fi o ra b le fo r ice fo riu ta tio n , cl ut ut1 g e s iin it. T a k e th e ii lv i'e (if th e 'o reia ,ter

Be prep)trthd it) eti illic 'r iitpl i (-it 11 egil)llts itio iqotli pIefiight aill d diil-ing flig•lt) as a1 guide for

coltsi(ltr yurtstlf lurky if you donit. the selectiol of a flight alt1itde which iay 'hit-
inaite or reutlce icing htazards.

Teletype Weather Reports

]hlot re ,i'ts of I, i,, "tie often ictluded ill CHECK LIST FOR COLD-WEATHER
hltvype weattherv" rlt s--I I Il1• collectiiol 01o OPERATIONS
inoliedfial ul([iitqfl repoItS-ailelht lllatbiing info'- Ilete i., viwinter c(heck list that will help take
msiturce ofy th pi oi Ih iit.ialrd outt of col(t-Neathte flying:

:0byis pihotý. Wtet phiittiig ; flight.. 1. ('lec wv:ttlttr carefully :.sk ilihe ihlot who
lIotv ile, -.1-41" wieS %%here tlii frtee :1ir tilllpe':it ll'e- ireiatef- 'oll]t+ Iii ice fo)lillt~ii(ttio :itim l tei n-hl'u(.tiilsiittle ju.st intoteil t Iltitigli, amild i-]neck IPI1'fIl :lt S a origin
filv A)l,, te 1 e ftl,:zil.a d x~ircll r and de~it inat loll,

2. (ihei-k N'F.\M.

Upp-r Air Soundings (Arowagram) 3. leit'ove frost - d snoi,-w before takeoff.
'l'lie ilhiltr ail .- ttunhilitg (hiartgt tintnleh'S yOU l'hi:- uuilist he doe thiorolighilv.

to (leterutiie the heighlit of the free7'ili level 111(1 4. (Cheock controls for res.trlitioi.s of move-

t i lt pres'lt' e (of e'lotuld, It it]lso Shows the preseltice iltilnt.

of tti iliversiol, ''tillertat tile's of ftreezing or le. .. 'Fixi ,,hwly. t 'se brakes with caution.

SFigure 29-9. Icing over mountains

...... "
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S 30=000
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.WARM I
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S.•-•FRE E ZING RAIN

STRATO- •,
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=ME= -LIMIT OF HEAVY ICING

Figure 29-10. Icing 'ones along an occluded front

6. After rii-iip in fiou.r (I rain. t'lietik wing iwe pirevtention iiitsu'es lit 1ip eiergv (fuel).
-tIld ellijollmI fo r We i, i piojwllr ihLkst. ;l't, a. '1'litztfutt, if youi expectt i'illnr t'iiiit oil. you

i. W•m'tr ,-.ll i sss if gl:1|', is I b;lk . 1 1.5 a t itin'ilrta e cois•er':ltiv'e clit'li.o tohitlu l.
N. lBef ,re take-oil, cihieck miti-icingt.i , tiut tt- 1. dleli flig ts oer tIc~~lig~ IIIllllLIt l(iý it ist II Im~ i,• e() 'ltlll 1

i<it- uilgjiii uliiiit, l+,i' sti'r it i ~ii IV,,O)j iiji it't ly i',r sithltt' by ab-out 4,(ti l or 4,000(o) fret. Be watry
coliffitio,]i. •)uol f~ivh d ;11 o, f Y,+" w 'r eqluip- of i,'ill- e."l ec-:111 lly , the "6)i m-md : 4' del• of

Ilivlit. It loillit: 1. Ills.•
j. 1)o 'l ;t1w (' I id I .l -h , wNNtA sihow it it 'tIa

Sosýsbihlly bt' Ivoltdh . 11. fxitl - ,lihit ;it frt(ziiqi hu.cel .() to

111. Be U t Jet for s10w lm'iks iilg takeoff - ), 4specidlY i ll lllllllifollll ( tlllrllellt.)

:,1 l1 htdi ,l".
Itr.isil i. N\\Itlil WeI for-jm.s, ",ol will USC .l b \ W hiti 1YIlnl'r III \\it .lm)\\ ()I 'ri-ezi-, rai- ,

1114,E luI ,ii to gI II to mil ih->tii:llml •. Oil k. (il the. u]i:uigt iltitinhe if jIossihihe. it( lijib to V;IInitll "
;lil'I'l';I't (u114- i:iIlI'u't1h l'it, ptll!l nill tvi'ser of le ilohn't..ed (1 It l iiill (If the ull';.)

.5,. ('h<ooso the :1ltitlhe of" h'mt•, ic'hlv. ('cle.t

])lo ll I n• s't)]lllll rll l 'lolldll l: '] )I- 'iý( (U S ((l l

P - If;. IDo 11111 f l miv P: lvih to :t frlout t11ll-t-lhl

" .1t:Is of polibht 112lv .

'17. lstc pitut 1w1 l \\ 1it le h IvII!- [it F1)111, 111
" : , ",". . ..". •, ; '- .. 1 d) ']m~l .-, ;is N\l ( '11 ; , 1 1 'll i ]' I t)\ , .II| - z,' ll t <H 'ý.

IS. sI irv . 2 2 1 jl l;l:t:, till"; h -::atl .hiboluIl

Illlic I:tc
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VOi r c';l i)retI r t ii[ r tIIIv erI'It IIre. esl wc'i: ll IN I - 22. (']ec.k \iV d,-ir,--u.e the l l)Io I)l .
r\\eqI -- C' " ;and -4 C(' (238 Mid 50') F). l)o lnot hllIN \It1' -le.-Ies, on. the\v act S "spoilers.

1]). "•atclch ýoQi airsi~ved-stalling Speed in- 23. ])oI't tl'% thl'ee-POilot an id ings wvlell
creases withi ie. )on't climb at a low al r-led. ijced-up1 in "a piropeller-driven airplaine. FlI in

2( . 1)I *t I IItk steep tIurs if the surface of With 1 oiwer. B•,efo'e startiti-g lauljil• g aproah,
the a• il(c'ft is heavilv c',teul with ivce. mlove throttle back and forth slowly to make sure

21. 1'V l il t weaher l.'z1 t'it. car, ilretor but tertlv valve is free of i'ce.
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THUNDERSTORMS

T ill-- his, ilesilimlni or oiJectivt. (e:tli.~ f r-THUNDIERSTORMv FORMATION

!ii~ttjvlt~iii tiiiiiltiIottI, ot1 IlujlN ovtv, the A ck-t tali 4 olibiihii t loll of Mitiuospiet ic ci iiili
suitfmo of the i:tiitlvi.(l c:III expcot to fly throu~ghi tilol Is foi Ei i.0 thei fot Iinitioui of a tliuiuider-

'Ill]III(Ivli-t''iiiis; m aI . Ilt i 't~ ilu Nve txjoo puvii If I Ift Ilig k(.t loll.

uiuo11. 'I II - he n im ml N. : ti t 4-:it1 ho ld Conditional Instability
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.tI l, ,.,uliti,,n-lit , ti,' i i. ,-t~tlh.iti' . it \%lliiltl k. TYPES OF THUNI L)ERSTORMS
q iluil" li zt. i ilt ti,, i i li r whilen lifted alin-

Nk\ illhl hI " :l'lt 111 1 v lh- l r > rou lllld 1 :6 1 Nl t-|" ( v . i':Il |v:tl1 ll'•'>. '11. 1, d ifler., III\.\ | i llltvllý-

] wit It h atl ia~ licadl'. T*111.-, (livr'l-ahl~ it v of litv ' h.' i) . ,, I'\ t I cu, o f tici\lt t ,v I i It, I IIit't , IItIi:t I -I ; i tm itlI v t IsosI-

deil~s(n i t-ll~ lr iotvik. ils Ii V hu isil iw s :k-
c* w ite iih' jtud:itrri isetatisies: satt', it(titetI(st. untt i t WItittt' +.A l ([I.' tral. Ilu~ w, tm ,hc i

Lifting Action lilt it title isItledhthew''leveliit1'fs li(t't lit cttt V

W hittit mtwi ItIat.:tittt1d 1 Ircc i l of atf ii s Col- i. '.|cconlplSwd. lThelv .v lhtrt. re di)ilhtd Iitiio

Slti siI t\ 1 l*hl. ( Ife "t ti cifi t ,ig lifitt il , it t\,( ;.v cl-al t --. ' fim il:1l m id
++•' l~h i 't ' 'lllt'ý c<o hl" tlI:II1 ti ,I''HIV II .lI'WZ i ll I t' : -1 ltt it :tit" llm ,rlýý lh tIt dl -ll+P ':-t n • . 'I'Iv,.v. Ilk 111111 . :1),(. 111,-

spli ,ht |'i li thti lilti m the (If l '\ : tu ia tic ]iii- h:\ f Ide Fo tl fTylpe )\s -

tki t ti ti. t l s liftil ift v litig liv- e ti l t- it t .tl iy :tit tt leset ttis
\%liviv, tilt :lutrtvl Iwco•lllt,!; ýZltlll'ttlvd (sattlrattiOli I\' ]:I-i• I|It I I

k. \ k . It I .- I h, II vIIt• ,-,,h' )l t I t t t! w II II,,,,ýlit :u ialt II .Iit I ),.ý ',h Ii t ,l
ratlt. sot t hll. tl~w :Ill- I,',t.( kl e\ el l|;lly:1I rv'a,'ht': ;I l rv -fr )I I:1l ,, Sl1:l t I I I

lI_,ttl \t I iitre It i titil- - I t t ,itsr I li sTO l telt ir -it r l ket:i .\ Ilet.Vl
. i --, :tit'. 'Ill :i t "• t~il e~• is c.:llh ll the "'hevt. of fl-ev ( If '.'I ) I V C \'(,
ll- lIVIL"'Ii<n", 'I Ilet at'.t, the" wir parcel c'ontimlllv- Ito t.• t~
i i:-, ,,f ii+ ,,lt ( l'v.,1 ; w~ l+ct .o d It i :' Ie: ll~is level. Y , ll m

Somrer, u t 1i\ p1 f tjxiti l 'Z lift i- ; ))etio. i.,-o t it.quitt,~~~ ~~ I t• itt( m'']•f , It ]h h ý-l Ivff-( Frontal Types

i lt l ( -I l ch : is f i ; r c e d l i f t i n / w o\ 't l a f r o l it o r , I l t l o l l - t h1hýt,1 Y ( i l : : : t I~ l i l l l I l i l , I l lt -
t; I lli, thetl'mtw l (:Slich aIs t'<o•l',tctioll Ili'tillgr), or ,I" ; b' l elh :tk Ir , forcvd :,hoft If, t Iit h,\ve, of frye c.4 Il-

k'oIllk'('T._rHIt'Iw j\\hh'h ocu'tlils Ill lltr lighs, v;I:tet l Yll vit-t-tioll ove\r'l :1 cob tl'r. dvIstl • v , lhelf of r'ell'-vatllt,rf

Iv,% Tt ' I.-, kth i Iri l ,q ia , k ,, A I1 ':'(Z ) f', . a;I ,, I ",.:+• 1 Bu( .: ..:c of t le text rlt' vsllt( , oa!! %, -

THUNUtksORTOrM

S~COLD AIR

Figure 30-1. Warm-front thunderstorm.. ..Y/+
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'l l ' x tlt littIf, IV Ix xii itt i N i t i r )I, .) I i ýi cti it. lit.- ( I lilt') 1i 1 I c Iii I,] :t t p, xI t ill It' %i v! I x I x i VV t lit'xt ii

Ix" .l ' \ itvl it' tll ii it it , 1 it l tu "iIx ledit Ii tIl - Ii fiiihl Ix kii Iii t Iii li I~' Iu It x I x xIj I kl It i I I-
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Figure 30--3. Squall-line thunderstorms

I,,,tit-. 1 -• l..i-,.l •l~t+,.i.tt'l, i- ,liiiit ' it.-' lit--I 1tiitl' - tilt l, I lilt ' ll it llir_ 't' 1 11:0 I,,llit . lttli t 41i

Air a, ss Tu dertoIs. 1 11 1ti, 'il. e" I, t"tttl'l . I - lilt, iLt:I!, "i w;II it I - il lti lll .

tftl Il I Ill I ll[[+"+..Air M! ass Thunderstorms I-, I +l k, I II, 1il 1l:0\ .1l-u'- :t -t11wl-I 'tl~l I I--l III- •ltct-It

[".•]', ., I\;e ... t~~~ ,,-,,l, .\,t .,ttx._. ll~t I,, II i,,lult;I, h'\t' ,, 1"r•'t' ,I+\' l l,; , lot,
Sl~~~~~i~ '+,Il i, l P I ti• l',Ilii "X'ilhil, ;il, ;III 1;l-lt>, andi~ It'Al Wl,+i' I. S t't' ]"l•,ItI-t+ ý',O ;, . \ A ••t V ~Iltliplt

t It'.\ : t .t _ r it, li:1 1" i ., :1t,., 1 i ý,':t tI t'l ( ,I z1 1 I " e . ,al I, I., l , ' I" • l It I I krt,l'It'I III I.% I', , Ilid, Il II I I

• ,l~~~~iiv li i l~ , l f l I- l It - 1'il, I ' wI|:l l Ib-i ;l Ifm 1.

Convective Thunderstorms ilt llt l;i,' ,l~ t ti ' ,,li I liil IIv, ill '' rt

-t , k C I I ,- :i , fln , t 1 \ -, , -i I i•t I- <,I ! I ; Itr ,': -. l ,: ,f Il l ,, n i + 1l , t i t, ,i I tll. -llll t- I, " I til l, t

i!,]::.;; ~ ~ 1ý :, .- , ,1;, ,'., v , , ,,i. 1,, 1 Ill 1._' ', Id , I .:,+,i 1.+ " Iit-,,, + li- i I\. i .,. i , ,, , , .-, r .1,.1- , i., 1,,,

lit It11iItII]. i tI' J lilt l ll x - -l itIII
"-" I" iI,£ l k .i li.;:li li l :. . I iI i tll ;I i, - ;II : \ ;I \ -I 'ii" l tih Il~i- ;I It l., , , -I A i I

L . ' i t, 1 ,, I ,,l ' if i-I it l. I l I j I ; I , i lif i l I , . ii w, .... :l ; I, :1 , I ,,i, . "_ , I1 , I; l I, : Ii l ,I+ , I : "\ I , t

;" '" '• I it.l ;, . I, ,. ,- I llt - .It Ii ; 1ll , .1, i , 1-11 1 .1 , ,1\ i ,

[ • -• '•il! I 1, ' -.it ' 1:,l • 11i-! :i1 1! ' l- i -,, : - it,' • i " i t l ,h l i t i - l i t 1 1. 11 ' ,11 I l I Il i' it Ii t ItI ;I I-

"30-4

"" - - - .-. . -- -r., - .-.+ .. . ,



ALL-WEATHER FLIGHT MANUAL
NAVAER 00-807-60

ll ~il:I llll l- > ll w l~l- 1ý 1 lil t, mft-.I (4;| il ;l ' l t l" [ *' C m l • t

• ,-t~ ~ 0l: l ,,,, ... ,, 1,•, -1 , -rxl ,l:, o~u i :1, 1`111 I f ;III I mlh t zdvi-Io tn ][ )rI t' t , . A ,'tli:lliy. u lih• ý1

it1' I\ T J'lt,'V )lliI 1 ;illl1 Itll , ilt ill III II WI i k \'INl't' vikkl i t•1rt lt gt11 of "llwlvll]It glolt e e 'V w-

'I. • I!nt L V, I~,, I,,l i. Ii, It,: III,,I , "1t ,-,,-1, 1 . 'tI 'I~ Iu k'l e V' ll' IIIVf I A II, I t • . i --hli ,I

:.,,,, :, s,.• t'u: c : .' JRE,, ,:,,-F :• , , • i .ftitul.,ftii nu i ltts ,,t t fauih lil .lg thii' i'hin tiii

,-'lit fiiiii iititt'l , illt iiftt• l,,i ii it, ,ilt tll':tIt tIIi :ti- t.; W Il 'I,:l, t tIc ,ll itirtI I it. ,
ItI ' I 1 t 1u-1-;, t li .' ," lti :i l r :1 , tIIyii :< Th Ai.t"re S tage

2. 1,' 1[.u 1, 1; ' Itf :-I, )(-('I• It I,, •, I f' Ie 1,t- .-- ,'1, ti ft In ' I I I ;k r f rolt Ie
;I•, f ~ %\ fc t wtll ,v. ( II I ,I It ;1 ,, t• ,1 h,1 11 ; t hei
mll t' 't .11t ,'i l 1 ( 1 '1 1+.. I'i '' I't I't' ' III II' .I lIIIII- -I-,in ,t Ih t lr- I hh. ... Ii I I I I l '.t l( f i• :Itiit I| ~ |: f h|| h l.; I. ,|| . ,.I th-t t t h .

. , . , llll, :11,r ftflll.d. T he. rl't v't
t l , tq l ,'l II Ii I I 1 WIII II I t 11 lt,, l lhI• I IIu'm I l !1 I ' I't''. l • I I 'dvrv

II I Ii ,i > i,, I A t, It.

STRUCTURE OF I IIIt fil u i, t* I'I I ll

T H U N D E R S T O R M S -, t , wI ,(:•u •.tl ,~ th e :lilld r,,i , :11-v ,':trried 0 1,~rJ o
I•t'lli:W , tu,,l. (,r h11- . l ,U ih • , tl'11 u]trhe mi.

" f I d.II,.IvIli f:uI', :l -. flIH•:Iil'Il I'li'llolo'~ III flit-' • r ,. : 'h ~ tx -t th ,L~ ln lt e •h

l'•I('•\t t'- ;I q'll\L tt l',' li . lt~ llll' }£ltt].''- The M ature Stage

cel Alt Itmil th ot-

f, I va',t 
6  

I I ;I I Ip 0 -'I• l i t T hf I J|I I1 F0 1'llly

4hi l , ii, l,'i•' fr,,lll olilt 1-, lit1 Ii I ,.' . "!i,( '•tll, t iltli tldl rI Ill,, flalt -i'lt!"ll from ll e (.1IIII IS ,Inntl ' ,.age' tt)

Iflit I',:ttIII t' ýI~;Ig . I •th\ I ll), illo., flt-• k•-oll Im :-

- GIl. I IrI_: I_,_'l_ _i_ - -1 . V:'

! o I. .. I n t i. l l i l t-.ip;o' c i l i l u I l i, ] :I l l t -m e ltt ' l ih ~ tt t i lt ", * ,,.m lli t o ( l o ln g l e r L w s u ip -

..- ~vtr~l htt.<.It th' ilii Figurelt' 30-4 Colnvetl e hudestrm

,I,\tl~f't+v•l. lh, ,h~u l ',,,:+i-.• ,+I : .-.] ,#i' 'i'l. l,,pt ' ,le h v flit- 1111th :Ifts• tlitv bu p•+l 1 ) f:111 f 'oiln Ille.
,l,,1( :111, ,. trl ;1 ,1r:1, 4)11 th1 w i ;k I r It ~InII the dilt't ) ds

I ', I i t • t h I ( l , ,.I , l l ,' l l t I ~ , F ' ' . , -I, ,' w' ' It ', Il i , t• 7' I I I Iu ' i t~t ; I Y m t • r 1 ,u< ) n i t

1 +~ ~ '( i . 'l ~ , ' I.- . ' } it . I If t . 1, . 1, ' 1 k2 ( ) f h 1 u i l i .r - t u , , dh ('o l I N -t ct' i vt e ( -( .l i l l t h et l i ml l retl ' t a p.<~ l Z t . TJ h it
I ]' l 'tmli'rlýlP'' o f lI I -t't| A:"| tI - tnv . l. fill,' 'IIIIIIIIu > I, t ''l t l t ' *'ý ' It 't ; h '. l 'f t 'e l-. t l' l • tl l

-ligtt.t t(lo ~ll- tliv.\ i, not} ;tt1 ;khli ptii~ (lit., ';l(it !I l~r. Z.,,Il~ tlx lll+' , If th lld.,l I h • .- hmteir ]prt-

io '"l ne t m•i ' bv I A lm Ni lit- -- 5"11
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""-,u11'r t thlriollhoiliit the cell is the ,'hi4f chdial -

S, . teristic of the dissipating stage of a cell.
"�The dissipation stagon may be identiIi ,I at the

.':.@ "su'f~two bY5 reducved lprecilpitili al lol;11 iludly an

iend to ilrecilpitation. At tile ýawiie time, the lower

-- '_"___]-,le'els of the, cloul frequently tend to become
.tlratiform ill al)I)ea amce. A further identifying

featuine of the hegi niiiig of tile dissipat ion proc-

ess is the formation of the characteristie anvil top
F5ltsh restults from the strong horizoi'titat winds

Figure 30-5. Orogjraphic th understormns :Ilo)' bh)wi ri tite Iipler ( otlt()oR of thett)l for-

wNl'd of the mllili Pillontll. TIlie life supaln of tie

diisSi)IathlIg stage i. coisiderlibl5 more variable,
I )o\vi\liafts heoiii t) fo'ini ill the itiddlc re- li1n that of the other stages anl dee('nds on the

e,1 if tIe ,Ito'h id )1 i a laIA I lv i ii,.r;se iv II both I I ]stu lig, I 1 -of thy I iw iilgi I i 1 nl)1afls; ;kind1 1lthe illll()it I

hi)riz,qIItal aiid \ 1 rticv l i ( tir llI.. I )owmhnd1aftts 4 11 iiiist I hidlII Iti, Oil colItailIs.

ill tHii dc 'l''ll i , i d t ii liew le-.- wlltl v aIl siilaiilelr
Sill Iwc 1 t hall in(i i raft". but f 0(1 vii yare :1, til,)ltg Vertical Development

S4 ft 4o ,I . I, cilliIri•s! ulirtft siils of DtM Meprsll'ie llfcts of the vel'tic:l] extelit of thilti-
ft tl-li 11, t Pi lUlwt hr ill I 1i nitte 't rig. tlel Itolll rut,'iitv ]unl '' 1 een t iee i:ude11 biv r:iit 'l ( lP -

,"iil thvli' iId ldn;ift i. i Ih ' ll IInXt tI, til- i ru) t l ilelt. It his beetl follnd that the 'liest. coi e-

i l• tiii'h c1li ain i lc : \ l cii lh ar t t'-)lilllskV ý- lid ul(e I1 2tW r li lt, ui '-Illet-sllilt top1  anid
fmiini ini g iutd d -ipating•, it i• rileliUe iiat Se- the actual top occurs duri-ng tile c'li s stage,
oie, tuiuiililii' , litiiv i -xi cliti-i wien tlvil.(g b 'nullli' the h'eii \':h toll-, ill the ll'iatlll, ilnd nill,.i-

tiSriuu.,1hu :tl lhilidV.-Ai0liiu. -tniJe do Inot give good adail" echoes.
Mit h'e -eall gi'lrilhv emillid Io tit it uIhS if ndoairis with r.1u1-!iuea.mileih ieights of

3.i, i ft ) ,iY I itt ',t. It i. ii t I is -t lig oft li fiiu- 50,li;)p fept 4,u' nir we IIe leal 'tI - ill les tmhan 10

Riri:tilhti flat hail IS frvIte ilell Y foll'll, w ihell llel'tcell of the ca.ws ohi-erved. 'I'le grlelte•t p)otl-
k1,eli -ill kt:ii g itvigl- wtriilii veuv h 4- tlV li ton (if stol'iis tiieasuilted load heiight etv en-
Iu IfptfI spw lif s. e h ,le I F :irl " "i:iilX; I \khiiciI :IIk, oftev n 27.it l i i il 29,tih ) fieet. lb' l Ietimi of ill n i ]eigI lit..
chira,'terlis ii 1of t!illildertoi ll'et ll n ccs l d(1 ii'ilg ltil lslulred w\as ;3 ,I0iii feet, aiil the iIIhIXitlIIIii

thii iiilt( iittlle ý i,,rigo1 e:ll ,'l el. li coli st ta i th, elw liivight observed \\;Ia 5(1,01) feet. Otherl have

lifii s ill " i4 ]i, ti llill"ti, id the 'ililllii .l-; 5t',irl lle(Rai at'curl it' i; liisttule'h is high as t,7,0t4)t fetet.
0 I' 111' illhVI'hilrll c411ll. t iv lii'illei 'i la sts
foir 1:, llIs ill i11lIl(il. ili lii e,,ih, thi DRAFTS AND GUSTS

" lltill\- i(ii\ 1Illtll'lh. uh ll.11ý ltv Si) that Ir tle life A ulft s i ftil -:1- ll (ll-,l 11

i'lt ofl atit It Iluh. 1,11• 1i l• l implritnlil ,llis"IdelaH-
Dissipating or Anvil Staige tilvi, oilt iiiil ht r Iii liiltiiI.-;illi t f iii ' if ihl'fiS

'l'lili•,l-hA ,il li ,lth ' . pi II'v 14 d Illuil tu.lre cefll, IS lIli rII ,H I- Lif \t,l\- il•li l - a ti :liw 1.4,1tI ;ili tl d If)
d wH I ; IIIIw l cf m C ,itIIIli�lt,- it di,\l q (- lollho II I ]toI"lI- I 11-1•. (;11-k - v r,•li llr •'lh l~ ~ l lli !- o

Zl~~li'illl•a a,•l w ll .:l v :: rt,ýlill oif Iil(l llo i lllivII I I \-:iritlw olii Ii l~i '•{ Spvc'dil~ \%ill, fill- illi':ft

;- I(1 -! , I'il;l ll~ I{ t gil [~ l I- ii , I v I11 It' itf oli I .'I .I t I - I I liN \i' ' l ' III I XI I l , I l i l k I~ l ' t 11 1

-Ii • ! . .\ • ý i 11 I l(,,c " I ], , , rv.• cý,. tlit- viiill.I \v NI) it I IIi ;it''>i l l i ll h a~ Ii I ;i .I'J I!i I- I ffi I w-

lIm ,. l - t \I'. Ii" \ ~ l r ; f d 1 I(,'l i ()t' ¢ it' ;111 :11'1'il b)f i • \% it- I llI I I i l ':: I II)II I'( l l l l if)1 11 cI I IIIII I c l ii l lll 'li ,',I -I I 11 1. .A

31 -6ft.u l l! L , l e \ldý, ,,r, llit,:Ili i r 4 1f itIh. I il I :1 ,f lII );II l I I ii l. ' 1(m ili 1
Il! I~f V ' l . l If~! ' l 0 I~ L .:11 ,F)I I .• I, \ I w : lI :1 1'l.1 C I' :I Il I ;ili I': 1 ' \• l r ,I,-( I I • ' < I . ,' t l -" _
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j4mLl:4ll fot 114 o'l f .; t! 1l;1 No 4)t14 I-millo44i 1144 0 fItttill of Iw l, oil t4: I Ill' 4I\flf4 Il~kI' (f if fliv filiiff will fIPI

Drafts AliiI'( I-,Ifll(4"Ili ll l 444441,' , v r'l i -ir0,11

Co14f1 i dff -i -l'It' Ii tflu i fl on i him.1 Ill -il ' voI-1 I( 'ui-.It ft N.,i Ill.i 1juu1hI :uu-Ii! f t hi t fil tl- 'II'III' f

flpilafv ;I. Ill4 fip livi (I :114(Ifv :11 4 Iillff l ~i)vv'itii' Ct l wi' dt-. 11144 [liv "ju'vvi :ol 2 1 ,i4444'i4 I''uft Ow 11i'i

flown.i 1'! 1tli)t ll~ 1 1 4:1)41- 414444444 i'lfti'. Nl%'4ivi 11''lf .IlilfIP illei (i,~ f I' ,4lodi-.11u Iii. I'lii', 4it* juf-l4 il
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SIcin g (lul" -","U vt ofr-n urIIII ,',diatelv hef<•ren: thilli-

,• 'llw'"i. t rvqllr•.cý tclil]pter:11 11tut -t ;It oi. h<:ulo v .. •, -I i l.h l~ IIIII-li:|la .

J'i vzi'Zil , fl it, •iog k uvel N\ill IFvtr with tile
Tornadoes and Waterspoutsfrq.vz ig• hv~.\t., 111:1-',111 l :tI: the' fr't'zing .\'' is

:11"., ) n III ,fh z,,i,, of ,,. vt.Lt -t freqt'l ,ellcv ,f ]14,\'vy .> lio<tted Imfore, :ktornall~do Iln~tv o cutlr ill Wt:•so-
tn ll •n ',:1111 hvc;Ivy 1-:111fall, ;Itl lit udts w\ithll 1 1: 1 t I , IIfIt N ]fli. sv tert.squall 11n11v c tnditions. A lotr-

fw I hi,,i-.tfid feI.t II,0;t 01 ' l otli w the frvezitg level t itlt , i!:t vi,)lleit ý%\lirllruto l of ftill with lilt averi.e-
lhohl Iid , e lre"irdtid lei talthrII. ly hlttizaadlols. iliatteter of albout 250t vatr(ls. Within its funnel-

i Itir, *plri•g, lind f;ll tlhlledt.r•l,•'nI, 1t(tl•lig slhaped tcloud, wittds are estiltited at 100 to ultore
ito, "o fn-vtlti tl, Ili•t'l tiftlt ilivolve louw-level icitg. i it n 301() knots, itn ki•tg it the mitost violent of all

slovlt. Not olylv i> it stilt1 1  in lien, but ttistialI
First Gust it \t,':t.s ilt lf otll ilt ;it h1101. Nolbit]i ! hat vet'e

A l ignilir'it h'n] -d :w-ociattd with Ilellg Itt tjritilu and lived.

ittiiiwt tA Ilt sulit~t gust. 'liiitm- whett'eil fof titi'd firstisIflchd

lh hi-t • ti t,-tt iit t t i.tiglt:u:t l :i t•'hltll , ii t :1i141 w l - - -•h_._ie ,_h ._t t -

(If fill- hori/,,nltal "prewil-Ig olit (d•li~uz-l, t ) of
fl l-,, . i,,'. dl ;,fft ,' lr vi'w,!- fr<,t, ,i t \% fi,,ll , ..i t ,-'to l au.ý F L IG H T P R O C E D U R E S

Ih , I 'l ]l-'v it I tI I- ftt sil ilt 4)If t lit' It, H I i. t i'l lu tot al

i ,l it lt'vi i:t gl 'c IItl oif " hut' d]im t ,l tivt, iI l have u 3ealze c\rIosii t e ither ouv t e
I I•- II. frwa0,l •.]< 'il\i~f lle.q~n m rt]l. ['hl•, ',I>• :Itwi( ill vo(ur. val-p'l ol• ,ie's of- hi,, -'iI,- l~~

lhw . aI,,'I. ;l the. h'•ldlig~ e'dge(, It i lt- slovi'll yto-\' I :11-c ;tPPI~r,; hi'- ,•I~ at th III( I-'•h lri•,, v'ol have a.ll

P ,, , ,.,tti .iitt ll i, ,tit,1 t] il int i' , l , IIt , l,'i tt (l, iti, . th ndi•' t" to•r ce ll, t. . Ydou s ip tn s tag e
S~~~~tht tl';tillflg ed(l/z(' and• ille' effect of the :liprnllUo:('

ofa(1"1 1 Iv hnt'~((I] In 1'. 14 ct Ist.l Ii "Ildlh'iu ;old Iittl'l.;.-d

illil~ t•, w nd Sll'/Zt' i l•< l d,tr td : t if t : ll1t't N .... . .

]illili !\\" I.' fill "li'.t •lvgv f.1 ob u l- i'd .atct ,f th ill it' v t i,''l-

*o*o, ' v " : -i-spes-K:2*

:11 ol igl)l/.h 1, l-,\%]Ill it tl ;ll spee~td of ,llore Ih~ 1;11 1 ',1,1, 'i '

Altim eter Errors •..... . .. . .. . ."'

llo l.i .ý fill. ,-I .; I a.u J ... .Io r+' .i

.j 'Ill re:ifI Il ' I 11) hlo l'ir ll i: i In'1!1 1 14 1- t;111'o \l() ' 1,, ], "` '' . . . .

•, IIs iUl l• 'I J'l H •f M I ' ' l) ( • ill :il l I 't lo tlv I' • I" t Il: !i. ,.. . . . " ': .-. . .. .

II ,•tntr+'lllll• V ll IIn~, • tl (.irt'I'usll :|l1flost tll Figure 30-8. Idealized cross section through

./• ; i•,'! I n,- inl' ]1'in'll ilk.l'l1ln:11 ;[)I\ : ll.1 'lh',' |'sitt ign thunderstorm cell, dissipating stage
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Figure 30-9. Cross-section through dome of cold air beneath thunderstorm cell, mature stoge

w li .t ,.: It k' po,•• lulh , to cI i,-4.liii a 'i•:ilt(, the o to t'lli uialdc ni I( her b, . of the' stolill, if it. lis ovler

4' a'oi(d it )v goilig inldet or. if :11l iroitve: are the :elt 0. flat open 'ol tnid y. Never fly tinder the
4,h)s(,I to y\( i. "li ,tlui ,'o wr .i s 1.il i m I l rt ;ilt sl )lrill ill Ii liOiiit; ii olrll ' I l": i lei's there is a (ef-

e tl to) '\:arliant goiig. tiliow. li. mite (cil ing with goo( 'isih ii itVy Il(lilder litth
Quite freqii•eiifv strils ill I i ou t:iiIo i lit\t e fli t .ej"

Avoiding the Storm lks ehb w Itld( often itil'm(I j)e•its.
Cif• ', . . ,. (I li't. pire- / ,l' (Ind t!1,'' o-1 .stor ,l, 110i 11g. R W Ih ' is,

svit io Slpecid lig-lit p bl('eih's. W hleii you have witholi t (111'4th01, Oi l l' of tilie ' tIWS instililleit aids

SIl md ]•t rm . •n' h •,lin n ,•) mi ,• n(na, S to hliii(luen~ iyiii f\vit (ii i~in th e lLVa • i[ il~eh el vt'. 'htli ItSW ill i-th idtt(l y'- i 'th uiih rtligiols of i -i. XIIIII]ni i 'tii'ulen ]ee :i•ol dr.afts f ro-

N., ;~LtLwr vi l 'Ot! hli$'s to4 94) 1il'oliIld. siluit 01(1St jijeide \\[ith the re-iou- rf high wintei. voltvite :1114l,
I tiinleidtt OIiub aT Ic e- tIl~l .70 Il Ii IVais.1 eiaquitv i itthu \ýll1the:I~~ i(Ledtl nte&at(lI y the
slight ihetouuti,itaoesnidt or the otll dbet Ilo! kp Mi echo. RloIS pat mih(11:1Ir.ll.tivflll for.

rine•ic llY add to .iller the |illt. ()I. ýistlll 'ce of' lihm ing ilghts :it highletr ;ltittiuhes, Nliei, there
tl gli ht. Ill (.:Is(.th i lei. ' , o ; ht i s io(l'ide •Ily)IN . i'itet dli-titit l witweli col t'4-

I" li•os:.ible 14, (I i l ii- yil gul itg lir h tiv ,e .;lIters t0h ri:1 it low llt it hlduh . Ill dh1,ligh t" ' t l ~ i n S l . , t '" t w u ,e l ,•t o l -I , c e ,]i t r s . t h e A . o p l lt : l l 'e : l s w i ,d h t 1 w , 6 v i g i th , I ) I l t I l h e y : , 1 .1 , I o t

(I ,e F- f/i,- 'o,,- /lifl/'. ( )vti-the-top f I i g Ii t, visible ii darikiie- -, or Ill in th', ofii' ii 4iislirai(L-
~Iilli IS as w 45\ :Is III 1or I,- vl l- a (t *.'u1 Imli v ol4 it Inig i.h411i4h l1LXL'. Ill slilli 1%tses. ti hj'ivt tolls fiolii

oif t 'e ,Illestill l•,&'; i.i of :htiltiide mtid oxyge'i the rai t w ýe(htil it lioiibl Yolth \44 to 144 *stt 01

jiuitith .5 i i' :lt , lahlilihutit. i,'ii4 :,d '. It"-,w . hltilh' I ' I.

_ýnm l ý\:Iv If, ;1,•>id ;I ýA-l,,rn if the ',,Hl-lm ,e \oll'iv f ll|t.e '•-, t'lulll, ,., it i. ,, 11)11d, to, J)i(-'luuiiI iS t' 4 11t, 1fu u i . :t s'tiuoIi. Itt w ill lilke t - lic 1,,ir'N li hn-'5 h 11, l it ,k[

"/'/ ;. f ,, ., I ' 1 t ~iw." . \V l u vli,\ v] ' I ull - ill the hlic ,t liln a d \I ill iesiil inl j'iIi',hiiit en'(I nI
ll'I~ •;l lP'II• !,II',:'i ' -. lit l '• '( HilI '.. '' |Ill hv :ý,:• til 'bilh,- ,,l ':c"' ill iltlt -•l v --(11,:1l111 vs.
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it i, .llhhi t 1i:tt t'e tell :trv so close to one Its the :,cri''ft t'id out the uillrliafts "and
ilitlt'i' tlimit 'oa i'o 4l li n l i lli,[l :t flight path (lo\'iil'lt'fts, while \'ii c'(iuIc t•i'r;te ,oi m iilliii :i ig
thotiglh it wit hiout I tvi•g to dtii 4 exceV-.ssi\'ely a level attitude. Even if thele is at pos.,ibility of
fil' y ,,i i t1d flight plla. If you"tr aircraft being "blown out of tilit bottom of the cloud" Lat-

fI l j l e N\ i tr ' i'ti s-et I:1\iiig :t retsoiittld|v ithude should be inltlilittiil iII pirefetetice to :ilti-
]MI--, l':izI N' 31d :4 1 l'lP sI',IVi . \oii ii1:1 olVe1 ' tIV I- i litle. As soo)1 :.5 tile :1iiii ft- l'te:lks cleai of the
St lll'ttllre of t he spia'1111 Cii' x\hlile still ]tah ijilt'vs ].litils \'oi yo u ý hld blit :ible to Control ahftitude with
:IW:itv :iid t:ik, ;tltii ii ti j)i11t Y)oIi' peltntl'atioln or Coiliparative ease.

ratll 'i i Witoll a ll i\i\tilli lois- of ti cIIV. jotii .Jc , / sa e . , /'llicr/i(itiOll. Ih'lre ate Some
p)rocedtlures Vou .sholhi rlelulienel whte ll elitering a

Penetrating the Storm thunderstoin :

"A•h\hit i) I- h t pio-.siliti tof :i , i I lho s.ltwii . xy il 1 i'1,, ,.,;, i 'it: i/.. i, i,,I/;,t 5,.t.i, /,rli :o.-
n10,51 l ci-il' , ,li't .l.c'' \diilt' Il I',--oni is uir eit tit;c'ii. S-ýlow do\\ i to fit' be.'st penit'tratioil speied
t'li(illrg to ( requlite ' v01tatrItion. ()nce the, decision| auid cotistinitly keep the alhctlraft prepated. Check
Is ili:thlc-. tiii'm' slilid l- ho Iitll-itiitr track. 'oi iisltrunct'4s glint, i iretot't lict, cle-icing and
ii't l4'2.- tii pkl);II'. vituiiclft : iiii lit', titirra'ft oxV ,nt'. l Cli piuliv t, sa tft, be bells. liiixttilt'. r'ImI.
lott peiict i:itIitii of lthei storm. liaihii t'tld l''sllrt' v ut'. Heel Ill the irailing

direct inill Iil altt itide if the tliilit li:ive to he 2. I"/ : q at+|tiiteu. Once in' aI sturni, relatively
Ilitilittai nC'd iII tht' >totun wit hi iftr' vici to tli 'vgro level ,ttŽ',d,' ttlt be tii taiiet. Thtitchr-

illttru•i•llts. lil:1l;- sltue befote' eiiteliii gt that thie' s-torlls tIl-st be flown priinrizilx' with tthe gyr-o, in-
;I' "t't tin :tt1  ')t:it•c tii l, g l ,u.ll .1-t11diiriitsu i azild :t ctltstallt pc tx,'" .s.ettiug. il• tt'-

"J'o gi:itd gpaitist tIn' l ,.us.iiit x of beitig+ tetil- ]li t' In' ist tiilii]lt't l i\', alsi' tc'arliiis lsi'at su': ofl'
jnt':ir'ilx blimled by the bright lash of lightnting, tile] rapid chatilgets of jr-eSt't l're c'llc.lliter'ed ill tileVl-urn oil the cockpit lights full Itp. 1,'1'-ii the tadio stOlill. ('0litr'atI*'tte l'ii, nciplvlN. on keeping a
di\', lrwoe thlie eairplwii'. fiiraiih to pri'otectt level e tilt h it-ile ))v fbi'liorizoli illdici't(;'.
tlie v't is. :tg:i iist statt i'. If I1i' ,d j:lo htas b ,'iome 3. Do ?,ot "th,..- ,i?.,jrd. 'This will result
i'lt'h'•-s If4, 4(4 ex('e:-1i'\i' :iimoioiil if s•tatth, 'ill,) ) ill tx'essive aIt ittitdes, esipeciallv in high speed and
o11l. lieavy tira l;tft . atit| you .till easilIv x''islullize. the

Spi:•. of f/;i. l'irt, itroe tl tt lhe faster t'e.ttl t of the nose being high and a sudden gust
an liit'ci:tl'.t sn g•li4t \\wlitii it ;tr tikt's i )i1drft or i'Cieu.isiig tdie atigle of :itttk_ to a sUtll Use
dtwlr'ft, tle %\'t,,i will hI III,' slim-k t eceixved thliitth's otily lit-in the high or low airspeed lim-
f'iiii Ilie dr:tft. 'Te 1i ilot's- liaiiilhook fot' e:ali itl ie ex','elc' l. etlie, lic' that hea:v ati1 may1V
tlpv cit iiiaa It oi -\vs ill" to-lii'i.t l't:III._c, of sloc-il shio dowti the ic'iticlit':il iStpeed 'eatliiig C mItch
fi pelctiet 'atiol. Ihi- gi\'s a S:i ft sjn'e( i to'i. yPile- i 1  li])lh, i t,'lht':is of i):llsia l tb '.king of tile .air
t1: ii()al sll la•tIl ;s good iii~igii ;chute st:iil tillt:ot' f fli t'e Iitot tidx'. 'This may also cause

spe'd for !II;tlt'tilt';[Ihilit v. ti.i itc' ln 'hicivir of otier pilot-stat c istrci tnc'tullnts
c;' ,,. Si/ ic it is Neiv likelv tlh t icce w Ill l.oe si,1 :I. :iliiiliett'," :nd late11 of lhn111b.

'lliolillt'r'l iv l th pitot ti i],t' I il in illte ciIrllu eto' , ot -I. If Y to :ti' l 'itjig itl iighit. tuinit lie cockpit
:i ldl Il':it to) hot}h. W'hlIc' liii iix0 tlel'(, is; il;ii'd Ii,.rit fill hlight to 1lii iiliiize' tile' bl itil lig l'el'e
I fill ti-,1 Ih, thce it''ir tt i-' l it'l, r ,id fir' p'elie'tn - itI i iiit iti. .\Ml;61tt:l:i the otigit:tl ]watdihig,
lioll. 'lhiichi is the qli'ck:'t av' olt. l)o inot itwike any

lbi/i, ' i ;,,:, 'it ],+'/,. ()i:,ie ill liet - storii, lllil" tliiless, ;:thso tl]teh lli'e.s;lti''.
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PRESSURE-PATTERN AND SINGLE-HEADING FLIGHT

B OTIl -pIrI urIe- patternl flyin g triut single-lea(- a pe)o•ol facig dow\n'lill.d (vice vea in soltih

ivilig ta!ie :tvl\antage of foimulai-s latitude).
wlit-l t I i 111joillit t of t.'h111 rie of tlie I .ighlt of it 4. Thile force of the geostroplhicW Nild varies

co•}It atit pressure level over ta flighlt l'oit e deter- wIt I IIit it u(le, being sti(otger at lower latitudes.
lilles thle Ilel :1lnoullnt of drift right. or left of lVinis below hltitudle 202 are. ntot geostrophic, and

ht g. '[llis L .t based, ill tulrlln, oil foullr prill- tllis p• •lt ullot. be lised. N'illn-d ab•v, hiti-
iplehs tidtue 7T)3 als do ]lot follow the patttern of flow

1. TIIIe d(ii vtioll fthe geot ropdhi "i wittu tpoitt which this theory is based.
wind oVel, tlot :3tt()t feet ) is paalalel to tile iressite lpatteln ly•'in. inl\'ol\'es planning of

riohatSI. a ftlight. to 1)1t;tilt th, 11"' I, fatvo'rablle Hi(lls Iby fi
i2. I'li, force of the gc t's lt-,phic \%itd Vý ili- ill", tt(,ttini iit5StIe svs•etits :15 ltied bx, .

,le t hal k.iif livight to thle ts lalltt ,- - f•g m l l•tet. " io h S() tlt 1 t eav 110 lh'i lt involes flig ht -1 fn 11id +h.

:I- the 7t•1 Iimb Llut'fic )1). Is e()toplitel d to ohttiitt :1 silltt trit' I he:adliing for the

w 3,. 1i 1 |l aI)t ihtlk ttii i et5. I(%" ltow leussule is A - 'l tit , trip' jhL. tvd'lliq]!lu.e is- alis tlt-fil for ltil-

nt" I t hei' ](4! :1,"1 hlig.hl plv l e it) thle li ill (f" %'lf l \ i]l s' l aV l i ;l~loin e(llpilj it itt. 11 dl for
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tltghit o\er rIt et, of hittle ice -hotgid d(lta except at 1. (Cote'ctitLr tle flight plait for change- in

departure and dest imition. It achieves time say- iressure levels.

gt-, l.2. (l linin- ]ims of position hm.4 d on iile.
It is .'.olletlhles called -A~erologzatiol.'" of righlt or left drift.

F-ov bes•t tetilts, hath of thie. methtd,, of :ý. l',lwH•• pob bl ký ch all?"t -,e or Iove-

d e t e ,r m i l a t i[ o i l o f f l i ~d ht r o u t e i n v o l v e i l l -fl i , ,ht.. r e - I l le n t s o f ip t ,k ,-1 ur e !ý ys t e i l .- t o f o r e c m-ls f ul t u r e wv i nd
('olnptitation wzing the ruadar altimeter. For this co•nditions and frontal loceation.

rel;,m, these methis iused to be coniined largely 4. Providing valuahle data :'oncernint pres-
to trallsocoaniu, transport fligtý'lts where Specially Sure levels- bv il-11i/Iht weather reports to fore-

v':•t , l av1g;at(4o,. 0 at e car- 14sters.
tied. Il~owever, the,, ilmige of li|odue|' *et-- and Cer- "l'lle.SV te(.11hl411es 1mtve Ix-ell pr vn'rI b, thoul-

tai tacli('al aircraft plus the high wind fac'toI.s .and (f thglihts tlld have lieet slhowtn to be ac-
at Jet Ahitnde now ittke it desirable to use thes&.Aetti . S :l ivlrs of tite nre partieularly im-

itiethoils in flight lphlllting in oider to achkieve rltt since they providle m)ore reserve fuel at

iiia.~~~~~~iitiiitti~~~~~~~ fulVýt-iyooI ag.O oie o ctito~td~ sts; of lflight, :111itoe~ the]ll| \I ll ll ll l fill(' vo.'ol~loll• v llt( lB11lgre. )f ( 'mu r- , IJ 10-l nn m re, I• ' I ',: : If (lg I n ,t'''t;:• Ih

tac'tic'atl 1 )iht t alv hts a• tada althit1eter or" the ItIt Ifti vIf It a %-lo I I wh ithih a ivil' I Ilitttlher of air-

time for in-flizht observalions. Ths these1 pro- 1i ft (il catt" over :t route.

cedurltes ate l litittedI to pre-flighlt phlaning eXcept.
for pl:,trol or t ralispot airera ft. I sofakr as il- PRESSURE-PATTERN FLIGHT
flight olhsetv:atio(iL- i ns,, the tadart altimlelte arp foTCo l( I lv . th l- e il - s t(. 1 11 1 ed t f i h tSh v ýll-,le I , a tte rn flig lh t il vo l 'e fI g h h --

(i~tt~tttiesl 1 .1 . are ioouatCttic~n 'ertd. he pr('e ure ar lmitd o tiit Il-1. N .,1,( ill I jeet • r utes around I~l S-Silre (_T|ter.'s

Over Ocfelis to obtain a sea level basis for I
' ~ ~ for as nl!Icl is! on~s~~~ :I toilttt wltt"] offers niaxi-measurements. |llun t;ill i s. -"

it h. e to ii;|ke flight )1ats froti fol'eclst Flight-P!anning-.Con ventional
•eat lhe' hat, wj~in ilvolve: Tle iot\ieittioti:tl IlietlIlot of flight pilt ning

I. ý,-elect ini of a rote which otlers m1aximum fo- :t a(ln ratnge ( hflIt lifl'er.- little frotu platitg
tail wIts o t•, | li tt I here is a wd('tlo lt ot i t totul flight :a s•otter flight. Ill the il , tit ittental 1". S. we tt;s

title as coMt:l red to flihilt along the (,e:t circle lit or h It ,lycolni projection (AV. A. C. and
rolote. Svect ioil) cla-ris hec:ase radlo )we:its and bear-

"2.A tiet :Ilionlnl i drift over tic whole trip itigs :tn1h :tpluroxiltlate great circle courses showr-
if desired) when a stine, t troe heading it uset. -is st n;light lio., (I)ilect onal tocasutetnetit tm_

If '.t ra;lil. :11lll wt e ," psirovidhed, thisý ,;kn,,e ;tn~llg arl |llw':lýlrt'vljHl oll such ch:1.trs, however,•

fact, l0 data lwrttit:ts ifdlet piid-,lh'ts which Iwcoltetl itjl)or't;iit when :1

"""i 1 " 60" I I-tI,- '0" 20

• ' ,' ot--" ! -F: -r2T-!'~
T. I i.. I * .,',

Ii -: - I -
s-•• ' I ' I ' I , K -;I _, I

71~

It,

"Figure 31-1. Great-circle track plotted on a Mercator chart
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Figure 31-2. Pressure pattern flying

chart is 1Iusedi to plot. icevst ial fixe~si i', tor tielislre Ini pl.rlctice, tlu'refore, 012! gi-eat Circle cotilse
driift ild long dlstmiiwe,. 'I.lerefore, the naViga- is potted on a (inoloic or great circle s'iuling

Itlol chairt foi. l'iig, 1lange l1-li~ls is tisiidlv at MetC- clirt anid selected cool(Iiimitvf arei tikeni aimut il as-
c~kloI, ilojeci ionl. If tOw t igi illi tropical re- poesvl to thle Murcaitoi. Ilvigat oll chaiii. 'I'lie lit-

gionsw there I., no irobldvin, Ihnt :It high'ler latitnids toldu fl igiht then Iwciollies i1 series oif lilti

Iiaove about 2V) to3:H'~) Niii Iliist conlsider liulihli11 colrse-S to applwo.xIiiiate thle grea,;t iiiiiih oiiiti'.

Li s great rcmiecuisi Atriiglit hlne onl a Silce tw gre~it 1i0111ti hki "' 111m. to dete"r-
* Mer.1 cl-Ctoi ll.~ ch str Wi two poinits is liseftill forl. 111i1114. m id l ic llo't flights follow legilli.r ltites.

I. . hiv at-.

ll~lig~t o lK':Lue I ui~er igure3ll 1-tiil arssrid e olitr OIly iing r eiiiilsfrtrnoeiii

lolgtl tilde i l ns lit the i iie '.i angle. No leading ligluhi .u ip'eltel1lli' oel thlie g.elt circle (OIIon'

il~lgsare liveiiii excepit to cmiolttetait idrift. foiall] teilrds a tn ow htlie grealt circie
0.1iý~itll IlmItA, aledk, the rit i lbline t, -k, roum il ers dis-tilice iaNilngý. 'f'llue ivii'. pot

4 iritol'i l l v tie siist•,.k. "hista•,r. oi tweenl the this ron•t• on) his c(han1t.ii1siillv ill v I rI ter ls of iilif
tN o i ll s. )O I ; I l Ii', IIs i si 1:11 Itl des ex'- I l ies acro s eve riv ,, lo• ti' initw .II ir t hi(n l h lls niLr ii',
clz l th :,l' 11-s( it: , chrfll, I, V h h l tit.e th tli ) k ts fohe,"t i•n• d li ol pla, ni',s hi, r hglil, be

qý t[o\' ;l ilot, .,i- :1 g°. _, tlw , Is llol•l lp Oll I|( " :I'] .llll[ t'( ll.vil c.'4 V* ,l W :I nH t • 1t]=•' o l~ l '•:t ;1, f it ' 'l 1 rc~lt'.

ci . s./l'•;1 ,.ir•'h If l• • ;k (" W - t11 N 'ili• i i~ :il :1 ,'- i pt I. t t. N flig l' t •il ' *.'llch (' 11 i h:11'. (' 1 (" |it poikt .l"-

I" fv n lill .Ihe :I l% :1\.si.' n .-,i t l .,ti L l h o ll i s, ,

;ll j 'l I v I v, llols.1 11 ýwl fl 1'1.'t'l 1 i:llvt id 1u 1,i .,110(lS \ h (] ; ,'' I ' 'II IL s f( r | 't l ((e ~ l (

t'.\('jt wji, i i t r o ult'<t Ii~uuit l~ wt I i Ili'h r !:i t&''t •r l ii. t i=1rll~r l,.,iiia s Itl~t irti'atov le,} tiiii reitc t 'il'ler i

ll,1i'v .r tit it 1ii n d., ;lId u llfm [I ill l r:iir t l--i I. l'. ipbiit . sii \ Iiviiimrs .o tt;iflil coli = li riit iflio s

'i hi ,ti isurttl5v \th,'-i 'tti .wonlI hive to,(l iV. .nre wil- lt ut t, hi'd •0 o iti's. ti lit is l'icert l-,iele loforin i

H!' gill' Ii' Ih i i t i t n ci", it \\ti lit id. niil•'1i si't' l n:- , I l" if oi r :0ol 'l8iln'hl i;tý (, ll-
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%.'

it'll Ii fi TI :I -t II&-; ii It Il i ,lt-t. , i I ] i:'11 lki. W
1-0l 11lld 1I)VNI III Vitll dI.h I, ,Ii'-t~tice' M k)\ l, l ac';•h 1l.' ,

:I fit fllt'l (, i.( llll l~lp it II :I re :•111 •:l'd l •( to) dete'r-
vi~. .: I w ilt., I 111,v ;,•,1 vvqllrt(,, i lel4tg . O ftvil thil•.ý

fl,' r i ,l, dter.i ie t

Flight Planning-Pressure Pattern

]iivsIiue liii I ciii flight piiiuiniitg lilt[trt -Ps
•mli 1'.vý% el'luzlivill. lilt, nlp l.te :l.ir - A fiv:-. . fltz ill-

]li z , n:l r i :I 1\\- ('l i vl e . rout, ;I)~l v h kl'• ( mll li lt-'\ i

.\%il , , . ; ,t t list'.t , ii t oT t]ll 'it'he lv hti•gir.

;1,' I f.,I,- I ;t I •II-t! it•,u . 'h - 10 Svc if Figure 31-3. Flight from high to low pressure al-
t P- , I .... i, , llv a lI t"si tr' ;11N N-, tvil ways introduces right drift in northern latitudes

h,,i,I% .vl] A\ ý,n•ld B•. "I._, ult,1 - 31--2- sllol('\ý. :1t l pli,-'11

!-it 11;ltlo{ll. A ll tlil.lt()• ll~ld tli.'._i~l froill• '] olIolill~it to

, ii ti J.t , ci .t' :,, I k ,il, i tn ii t it't' il u'tl. -S i i ie iti' I I t•t ittiltI,, . . s, r .••, p itet 1, ( l Iitivl, d ulh cik-s 'illt.t
ts lil'. t- i. At \sIuit l I t rill b fv i it oftNtl, I'i l P e ur Pat ; t rInh h tFi :ghtpi ', :I

Ilt tlt.it- 'll l,,' I; kItutu it t'" titg I . 'lltt I t tilt 'It ' i •I I lit fii' i:tt ' ligt i t' f :I ]"i 't' ii tuu t iI l orlthi

IirIt~ w porso litiii'ol (1o-s

it; It ll], t i till t 'li tit111 1111 I tigh ~ tii-t ihoc ing t! ii't i t:-s fill tt:ii i jl ' til t'r jIm otan't',i

lI ~'I I " I l , tl " I l'li l l • 1 ) ( 1 1 l l l ý -v ] t tle r •lv . ,• I l l c k. ' h e • I l l a \ vf {it 'l i e v '( o l i l p ~l i t e . .'p e) t .& I14 m i d~ l i l l i t :- , n l e. c k.( ' • t h el( ll ,

Irv\ ,.- NOIA :lb Il;l ' lwite:-4, thisi--; ' 11m t ke, 1IIfill. | vvm'• ,r(r..

Iv I• 4 l , II! :1,1-,, look1I :It Ilii \%,: it h•I' )' if (ift t l:, ri-
W , It- \ v .].h ' l IIi t IIIIIl d . ;I I ,N,'lIiIc I ,\ I I1 -, :1 r P ressure -Pa ttern Flig h t

I,.'".1. ~o rj-o:ýý;L i~ 11 /• ' ,,•:. Ilt• • il•'-; \'] A•l . tit''-.'l. , 'c 'tlol of it; f~k (IuIv r'.d l iv)]t.,th~e ac•.l IIJ

,,,ill i,,-,tif\, It li l, ,• Ll I o itt , ill o tl:,.'l'- I lh v \' vd'i Ihiv ',,v.'v;•ljItn ]1()]t ( [:., I 111)t l f jil" l :l•r I'Lo tlf(l. 1ý'• fo l-

I lot . h~l ,•l(. VI -'Lii Il 'T~I \It'ad v ll{her, I" I L' I I |lkva IM[ :111 '1iltvtol"

1'-:% l tl-.II (.:I l,' fLt Ihlo ll, Ili), t\\ 1, 1s 1', t Iov,- Is ,Iri,'J ,rr-ll I I t,: i rv I ]I it... IIf II(,-.I I I II C';I I

I. I ;'I tuInI I,!. 1 11 -4 "-a lo -;I I',\% IhI irI I\!,f.t. III I IhI(tI ri.:l I I I (.,I t. .. r.,Ih " 1 VS I
t,, ,m . I ,,i l u l ll tl , l ll f •4 t ItI'll.-t, filltI h e p'do f-. ',' il a ,'%!Ilr Ii l)t )rl J M 4 1, ] l l( it, ' 'l of I l k. :I (.t, -

it Itu'%% ", -•'uI "'v•.tnl~ lh r co,,lr.ý(-S ;it v,;1rio s I-%z ] - 11:11 ! l,•r i-,,'vi , I,:art fl'• flig it :lhit ~Itld . B•', c',•,,-

,i-k ",ý! ! i :loc i , ;• , ,l ! '') ( 111. 1 ('11) 1() ,w ilb ll il,, I rm'll• p,•i .-l l • ,,f)I o ith -. Il- c,:.ýlll . I".:tld ill! :-4, f l, t oL • l'vc("lsl
r, 'l i.i Ik , !n • ;Illi ! II(, . i l~lgl•. t fi i ti ,,• k•l- ',l fli~ll{ 1, :1" I cv: v) h 'v, \ I i, ... I tL ' , ' l'''i ' l 'i, flig h t 6 ý1.,

1:1, -1. I] •' , I, ljq fIll(, Iliho ! 'I. ljli " Ililt, 1( : 1 ' I .'' , ,I ,l,• i l lo l, . ;, ,I :i l :1 I t'm ,'( , v l 1i1:111 I'L~l" 1,' 11illl t- c o im ll

rl • nI , I-.. h i -, I,,.-I1 ,11 -. 11v pi• l .l j t- i li f o-- iil lw tv. lit'l,- I,, Iw.Il, k v,'.! 1n':,,rk ( I" fill-. Ido llh . 14. W.l "'.l lV
'1 1 II-.. lo -cl,. l )!, i yl nl ,,, lilt, ip l,•)! o r I); v _:It,. I -:t • It i,;,l\\,I!,(k \I l ,; l [lilt d ch ,Il..l v O nl, :,II !li, I);ilt•d 'IlM,i

:,iv .-!' ., Id illt I, . I"k 1 : l (l il . .' '!.'. lw !:it ! lt'r , i l"t , H •b : -il _"o l l. (III ]• r " I -)\\ I,r A ft!r,
I i i l it ll :,;, •1 • IM 1 it,', - I.i~ \ L,1 1 ,vw,1"1 o f(• t !IIIIII] I•l l•r •

I 'l ' ' . ;Il ,- o ;):• I :• t.1: ' )1 k% ,i: ]I t-11 I lil" I v -,.ii- :111d ) r n : •. 1 \ I. . , ' l i ' ;~ ~ l l f l ,~ t , . i ... ]
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,issed I:lie; ill tile clhaljitr tiklcaise thlesA tee hl uiqiics
ire •Is,'dI Itn kith pressure Pattern 111n(l sinigle hela-l

SINGLE-HEADING FLIGHT

V4111 g INF \the t lota l ,drift. in for til e r lliiie~ll t. if
M 1m w t flie tot at (fl'ift inl llenfe, or inl degrees, Ilsed a il time the, p uiessurl heights t t two points
hletN;letll jollIt" A and B' clolulld ellect ait;I tigle are klnoi ac I IlIatelt ', ITsts slShow that it giives

in fou' te eire no(e. Yoi know tha't 1101A I ii ftl I.\e t lil iltf litRing drift inK;i,41\ iv :,,,, 101 feet tiie' N\ Iliii blm pii to11 hi 1  
(II S.11 (ivaarious legs, of a glight froi fortcast 'inds w I )

'I'v lre;efort'.,It Vif il Yom If ;c Rt three00 isobl.iS. w ev lllt l establish ita heading suitable for all entir e t.ri').they ille close to,,ether olr fay apar-t, ilia winld \illf icTte forilla is ised.e I )th for flight planning lll1d
Ihhw *\,I thiN sm e 11111'iltl ,lsr of milles of! liea;lditI . fill' eli route calculations.
Thliis is *ie'allse tlhe' force of this w\iil is ilrectly

rool~rt lonll I to tile 'lfressli'e, c;llfelit (tile allill t Flight Planning--Single Heading
o• ,,f pliSS~I t ('IultIge 'tV\eenl .A ot I,) it the sile' Single heaeling flight- planning does not. ?V-
ltituhe. If you k ,\\ lit, latitude falctor •nd ll q1r1P :1 radar altimeter. I Ilstead, pressure heiigit-
the pressure clullge. oti could cl':ulaLtt thl data is obtained from Amwolog.y, antd the isohy pest,,t1:11 drift. Th'le direc.ti~m ,if the drift N, oil the co)nstant ipre's.zile r aur es ir e d u• t4 i obt-till

drlte,'rliiledd k v whether iot' me going froln ] lih ghts at Ol'"ill alld de.,tillaiiOll fOr tlt' 01r
#I III%\. plesstlle'P, or, vice V'l';I. Sillt'iw 11W e l't'Sll Re pressiiure level.

.- tllC vft ill nl;'t i Lktitildi j;\]'e, fainrg (lllwl lIiiŽ IorlIml: tised in s headill g flight
wiRld, a th ght from high pr'esslur'e to low fressure pIlannling is the saine as the. one. used for linies of
-Ill'v(yets willd frolll tihe left whiichi \\ould give right JltSitioil (disc 1s.5led later) , it is similar to the one
(dift. (Ste, Figure 31--3.) used to establish drhift in flight.:

'I'liis effect, of wind has a ground speed cont- K(1J2-DI
folient ill1d It vertical, or track, component.. 'I'h1e Z/ = T-X• 'I'As
"'ert ictl coinpoloelit is determixii ed by total presstiV inl whlich:
cIam,,Lg and latitiLit.e. 'T'here is a formula for de- Zn tilie net effect of thel geostrophic wi ml at. right
(rn iil ) ing this vertical driift factor which can be. angles to lhe true headi.ig of the aircraft,

ex1)PVt'sted in natical miles. (in t long flight,
lit) sign i ticliti etro. cti' its if it- is measured at

Bow 6 0W 2- right angles to tlie rhulmb line course.l IK : it um lstanl factm .t foi. latitude. T hi fis th-

ni l't'.S;lilt (If division (lf 21..7 by the Sine_ of the
I.I mint-htit~ude of the flight (oi' flight, leg).I ,~~~tii~ A! . itjit111fc R o'li fide 11 sh

-.. -.- l - ." ict' Vei do t llROt c 'val' tables of trigolllletric
I 'IIt fuWict ionS i flitght, Use t lie table fo' -K" showin

D -hefRIAlilre. Thibis ''C iti's ulsed iii all foiritnlas
. - .- 7- -tr A 0NI ill this('uhalter. It allows for those VI ntlations1.I l -- inI fo"c'. of the giostrt)Ilhic witid whih1 occur

] i ; ~t s, a re s u l | o )f ha ii dttl e

SOUTH DI-- 1)1: the. ]iight in feet above sea (If tIh se-A M E R IC A - _. - I -_ . . . . .. 0 h e ct't ,d p r e s s u ir e l e v e l ( 1 1i g h | . a l lt it u d e ) o v e r

Figure 31-4. Plot Zn vector to find true heading plloint (If (epart ire forecast for I 11met of take-
line ilf whei posible).
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lia im. fthtcail fnr VtI1II~idtti t~in'e ito arrival. \t(IV 'ii':k~l.
D2- D I. g sv the pitsstilt' giadlent I4'w~tN~ l Yom 11.-4.t fittt'io-t II itlfllit:1t jif fill the' deter-

-'I' A d k~ - ' w d 1* I I. It i I I \cr II I Iiht (i t C' ptt's tu I e e \a\ I be 1 ,1 ilt- lettI -It iI

-IN - it ii giv:It t*2is hid fnrpc:ist with tiitiv ýIcv'tfllQv

j V11 I ' It i Ii [III Il Iit' l- I~ V 31  H Ii L

44 f

33 4 7, liiiI -Il . "m) : tI ) IIa lo e

IlllligI Z* I, fai sitv A '1111. a. pl~'itt 1 tv I ll'-f:Ic tltlýiV It)i OR hu t' leýllh flighft levet

c ~ ~ ~ ~ ~ ~ ~ :14 Lttvi ietr fliescit. level- itlte;IM tloi es'f- ceilttl
a, 1i :1ti oiltt 1)1 atitld 1)2.v 1,111/_, 1ý, I)/l (I [)lilt tIl lit it i lt$S 't a

N Ih t I )I I ( (I le I l '1 \ 1 f; [t lltc .:1 ;t e: drif.ý or 'lIkutIr t, : H IIII V '-11- I1: e 10 d.)V 1

flllit'2 I~~ 1 I It I liliil III its 1-ii. N" i ikkII '

ill Sil '' : 'i 'Iw I l i i 1o.11 \IIl dit f'tl r"It. 111 15

I3/I-6 k, ( -i f l e ftiSI -.
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, 1 1 1 1i 11 11t i Ile I ril l f I t' -II r . it ti I I : I tI /

III- i .t l ii , : - ti ' , JIH, liltl ' fli~g h t 1 01 , lt .... /

,.,';til:'t ,'iltittI t,1t'iIr ltl' tl i. l i:kitlilti tO AT SIEVERAL POINTS (XANOY)1 ONG

tt: -, 'li 1;, ,II~t i PRECOMPUTE•, HID BY EXTRAP 'LATING

;l t ,I P -( i t-V ', 111 \ ' (1, 1110 l o ll. f t roilil (111t oll it t "; l l l l it-

PRESSURE ANIT TEMPERATURE CO"INECT
I IJiitt•i I.'. :tl\ii il It' il' Jitiii','i:Itt'. ZN POINTS FOR TRACK \

Flight Procedure
Figure 3 1-5A Determination of expectedtack

111 ,,i 0 - ,i\ li , "lt *1ttt'tItft ;lw " 1t - t I-' l nt-

h •,.3 l~tt'+.•!it' ;t th ' ,l,-ti• :•t;,uItttlit 1i,. t I:li."'
1 1 W fit .t -l I I l l t tli A:i S V E R A I tT S ( X A N D Y) L O N GlH

Fih Procedure L•' it

•~ ~ ~ ~ ~ ~i N vllt' I It 1,'t:-.-+ ;0 1ttt li)lt lit-'tl'+ (It"I I"''t~'" -rl ll. I il ll c

it : l, l t th, t -. : l w: 1 , )f l t, in li-

Il , .\ l l i't' tel If : ll+• i~t. ]" I l l:ik,ti ' fli' t -'t.:, l t

:.:~~~~l 11,,i) tuv lil-, tf'•wk :11141i~+' "+1, tli'mlu'Iuli'ot le

w I l't i i ti t' l '. I p o .' • t l n. a I~ n w lit | ttit I i II I i't ( t I l It.it : I i l itl' t I t'l tIi ]ti hIII I itt M 1 0 p'1 I t l ot l

"',,l .'-I > ,, l it- r :id M,:1 It -%fvil\ '' l v't tl'' l tv + tf ,. f--,

I,.- \ tli .I ;11 tvtI |'lltl :11 t1 +-t' ittn-11 .: 1 , 11 h'l t i() 'i\v 't \II lls t ; , ]; i- - , '\ t . ] + t r ' ', ++ i ) \ i t t t l+' '~ i lt

il ,ll- I rh I I\I,,i t,• " :.I i l ti : VtI \li' l i t +-llli ''I l fif] / tn , N lke+I" lt v ( Ixi~t<l ', (.ol l l II(; .([ o ')nly fo r I I.• l e " tIn d+-

co!, I v. 1 . , 1 :1 "+ -II , 't XI H I. IJ'lt led :hlt t t :< t Itlew I-tl'ie ,, I t ; t', "' li < i l ti r' li~ I -t~ t'. V irt .'-e \ild ýll.- flv v,,l~tt ithr

l:l+ ,- l t, " l '' IIc+• t l'!'p el, ';0 lir v ,u ; t O '1 1 f w ;t t'l~t ' 1; 1 ,1( , t- p o t

ti•!ll~i•• ttn ,d vl.llll 111:1t 1'' 'I " t, 111 V \\ vi.t ,I i~ i lt l tt' l " ]') il ' vJ ] i- ii . t i ' o]llt l q t .1("

1,:,.11- v, , t'.~l : tLllr I,. ;lt coJ i p:1i\ +'d'' [ ,to th ,' f r-*' i ~ ~ ~ 1,:11;crf_ ]:1',',, ', it "ol,. -ci~ llig, th,,,,h

Ill i; -• \I PL' \\ i ti, i tllý; k ;t-i1!L'' 0 1:11i 1 ! li; t,• l; \\11;1" i:1' ]s' lilt''~ i:'l Fo lil '(C 1 :1 1 1'0 t' l'oill -lt' Ol k, I~t" l d':

S>.l:It'ril.'0-11 1 iIiI tllt- ;i~ tl ',t- t I l lll I t' I lv ~ l \;' ll,.t-t o l e Z 11 vclt li .l lt alld'ln( t A I w•. • l ol' l , •"tt I ,h exp,,:,./

,;I•,- i i i ,,. IJ ii "- : !,I I ; ! i%:11 iik -ýv I ,I ,1.\ -,t+i I l ;I Iil- \\,.t I I t Iac 1/,:•,. o itV . FI'gIir.,t 11 - ).,1I. o \ý iie ( c e ll i l

A"d d I v,- , Ii i l: V . ]H 1 1i l l lc .o i, I1-1 w v\I-(Iv (k o il:1i- O 311 1-7
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1. altiv. I f the: airicraft C1. riis a aI-aial altimleter,
it I", poL.-_siblv to l'VC01'( pl itlle fl'Olli IIIIN, colil(Ielle t

point to destintito.n, as explained latter. TIle ra-
d:i altinieteri also leiiit, drift, clheks. lines of

1io.Sition J):IiXIIICI to h~lie(lIig. lilt([ Irei-Olist i-ilctioli
of thie vweat-hel" Inika. ]'ach of these pnoced ii e-,
is explailned later in this clhpter.

Neverthieless, single heading flight can b? used
for plahnning long flights by jet ani-craft and other

f..S.TSO U ainr--aft not. equipped with imlittr altimietes. In
-is, case, the pilot iii.;i plot tlle probable trl-uk
:111d alter heading if navigation shows lie hias left.
it by alily geat aiouiit. lie tllly also recotlll)ute

TRAFFIC SEPARATION tilt total diift between depalrtuire and (lesti tnion

OPPOSITE DIRECTIONS t liathe jlressul-e at the tel'iiintil] cfialt es front fore-
AT IE 7Ai TIME ,,isr, 1]o( examilh if he finds rtht the fo-riutila_

whithi gave drift 7° 1,. - %t ith fhe original terlnItal

forecast pressure and atldal depairtu're pressulre)
now gives V .I, he al coCompute what. fidlctill of

Figure 31-6. Traffc separation on single-heading the trip renais and alter eo;'e. If le has gonet,
fight hidf-wy, al Iteit ling allowlilng for 11' ],. d11rig

thi sectild haulf sliotilh offset, his having, flown oil
the butsis of only 7' I,. during the fii~t half, This

Traffic Separation niethhod is inot ,.'' g :Ix as foil- w\il." conve! - lolial,
A.lo lher advantage of tle aer(olo.gation r-otute tavigattional datt, but may be all theire i:.. esp)e-

(,.iigle drift i,',ire,'tihm rinte) is llp al;renlt whei iidly for it jet.
I thplrohthii oftrdi seli:'Ittitin is considered. If (t)ie other thing should bhe neted. Flight.

r11 liiiia 't flying ill oliosite lirec t ions. between Idhliilmiig for sile heiiding flight niay be done
I %ioohlt nire Iln;tliLtainihitg a great ,ircle or l'iiiiib for any flight, whether over land or watter, be-
!ilti ta' k, lI oIl l. '' on ,liit m pcpimluhI is a vel'tical tilist.' e t i flight pl l i tiig daiia t'(.ies flroill lkelro-
Vrh,11I'lcI. "zrOIrs ill :idjulit iig the altimieter to hoival pitstire heights, lund no i',d(an liltinmetei-
Ill( i)plo e lli-l- ,t te's llil-g 111,iglt tilt-,r tz.,he i p tt,(led foi- the( ftli~rlt plal nning stage. T hi' s Is

s.ifet v of .m.veiral ati-rlaft. ()n the othler hand, arilh iititeret g for jets which ofteiu flv
if thiy :r-1 following it sinigle lieohinig itf-k, :i d4re-it ill tih IV. S. instead o)f by airways.
lionz,,l~l !l W:t w l i , \ 'er1 1 V ItIV':1l S l olrt l,, 1ý ;sually ,Sin,'T the jf',! aircra;ft iuff'lv 1111. litih' HItVigil--

I"";rile'. "Igti,'e 31-6 slow." how lllis P'• l),-slhl,' lioll vy lillil~ll~lt e'Xcept :1d le tol ([r''iH inll(th use
w ,il,, vat,'l ;hl''l ,f]I the most hs Ir h , ollt.. of .ýinglv e adt'u ing flight I+11111ing• is vdialtlvl, for'

]li tii.-, ihluist ':ail it it : .i ttIuivd fltat there is but it t-lin1iu llitvsa uniiiibhei of hleadinig i1 111ge-s 0 (d

hi, l "-'.sll s•ste|ii bet't bv e'll h'- l'trtllue and desti- nllt-i' it Ii iolliv 'tinll'tte \ill' of ren I lialhg desti-
lii. If t11, 'v %%i t. t t\t lilessl v w- vt- lil.-; (.l, iii(l wit Inaitiiniii\%0 fu 'l c'iisin1111 ni l oll, I li t1 h

V, till- Itills (it' ih,' ilil'liu ft \ t lid iisii1: ly ,'a:muru .te ,)1 h ll. ;I il't-uii ' ft 'a hluh have it ]ratdalr lilt i-

' 'i: 'he :it j on , on i l>itlui. 111ie'I. hiowt flit. ,h use of Iliat 'illipli illt is llio•l

Flight Application

"A P1 Ji A]iii(ii 1' tl.' .fti ,,nrliltl fir sýigh, hw.4i liiiv In-Flight Use of Altimeter
" ll•_+1lrit I'- \P v; Iofill[ ý1-, llol'l hd I.!ion'e h \v) f-I" * • • 1 !" At .\ il~lwl IV iý; ;! !i;illw . ý";o lllvl 'llwý, gri\'vil I f l 11,]V

+', ~ ~I'-; ;l!li ,T 1'ItllI i,) lwvtlp; t!'|t-'] . 1 pol" ] o(> il<l 1 ol~l F.l' o~i• |ll g:ll (": 19\"v I1-, ogf :I :111dF:ll l~th I ;It :1 lw t"-::I~l''

11 1( )l' , ,• l + ]oijyl ,". v i~ lq-,ýýI lljr Illn,.r]l ,-Q (oI, Stl li h :. , illr 0v pl-, l 1't' - vl t :11h +tn c,t r v'i~ll hve
-t'llf ':t v ili,') ;11 dt,1g:I-tt ll \1 ( ih I-j 11. l ti( il 1-t1 tip lieln•' tul,. l tn i c I,\ in 'tt l l , ll h

Vi--

SA.
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114)11- I llv f ah flidi, ;114 ,. 11(vh i fel 144IIio1i4l 11( t 11 1141 (II' , flow1 'I~'tild Iill- l.. lilt -1144lv1igh 4111 aI

I)I0 II~ Ill b441.'l l ki :'14 11g!~d. i I.-,) l414)Vi lil ' 0I Ob ll f1011114 ? 11i Of MVll . I II M114 ,1 III? 41l'i l&'dII s2(s'

111144lll Ittlldivi ff llfol-111114)l, vl 1.1 9 IIIIii Over f - '.I Ii 41de i I41flI fo-l v l illi of fil4.ilv 3

t~iill. IfliIa g I. c11111411 li I lj4' 114 't1.1 )iV itll f il t, ' vil' 1141 If'l Il2IllIIif-1', 1 ,i pll-l1I f2'~42'111141o liEm~ livil

1ing of fil-,( )4 I II) it ;filvlchf) Ii) 41, ic.i t oll' IffIII 14 f ll ljl)0 LT114hi), 1 I f II thit, N) fill1

flolfI., SII 'l4 41 f l (ll 1 0~ 4 1111 11--IlI4 ft11 1 V illd lI jl4 I 7" '1 J ill, I ' i ,111 $ i cl '1, I1 1elfilIl

:Ight-IN If'll ht~li ildt rega i1'411 of Il4'11i 4X1, jIl EM,1 SItp 1 od ,f lsobarlc I Sur tPfaces ,1i)%vkvIIIt- 11 ''

til pl v-mif ll e v dl.l~ , 1.% p o i e ttI '1111 '141i II11 ;,il 111114 lf l flill ti .\I4-I. 41211 v . I I f, 111

111V~iMt fil md whili s iol:1 ler'-d I I, I va he . c 'Jltill vv11 f it 1144 114 l ;1141-1 im. 4 t1 11114 i l- "Ill l i t l i fiie 4f

Vara 1ons in l IIIsur andrllifi 1T1mperature11 fl. ) f.,[- IlIfoil l H4 -.ill2 ~lfj1, 4.12Llv',

IIIslilc' ll fhll i Il) dr 47.ift ivI:.l4' v i t~ i f~i ght 111? lflIh itfl N114 1114%% vo 14IfI'l'4 lilillhffI ,111 211ilol,il fl,1111m

)fit bv~oIl g ( dv1 I), -it llfL4 filLI1 12 ' iT 1!, g I'f %itild I Viti-mjl' i oI f. lllIIt' l4444141of. 1 42'llv 1111112(')ll4

ff111114 iI'tIMil~4 of14 llf.l 11141 I ail I ilouft '1 1' (I ll~tiflv 4'I'vit '1,111h4'4gI. ~ ;

% \ t a l i v . 11 11 i ( 4 4 lt 11 1 ý Il d - i l -d f ~ . l l S op7o0i o b ri S u~ rf a eIs 11111vllb o iv'ilflil1 '1.h is 1 1ti
lildiviA 9880llv ill bee. siih hel9lg fih ,ii i. I. woo~ or ,, h im -m ro,.(t

_1144:11.1;ilMgti'I 'ili r nII~z x ~L, jll4 x LlikiiIIIIdi- 1oiili>ilfglll 1M
;11)(0111F~rv 31-7 Stnd r h lizoilliJlýIph llfloA liilt Io il

I o If% i f II t-I M II. 1-1e ilI tit, h h 3'7j 1

Variations...................................................... .t............llil.......'"............
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fD ill fInil, tifl Iilu Ill, kill-fil 41.1 fL'lI o'n~ii~ 'titl'fl

llt IVK:I, Iiii I ti l' iiilIg i 11111111 u'1,11i11111-4 relli 244 ''ill' '44i~, f11M

gj vl 14 -' -% f i ll"vf,ii,~ ( 111 f14'I ilj4 4fl' 1 4111) 11( 1 il l 1 till i'st' )4lI.4' Wl. 44l14114l I

* ~ ~ -1 iIijIit 4  l'# lg4 . fti114k' Vi I)fl'4' X jl(f 211

4i.''t4 'i l ~ ,,4I~t.~ I.~ i liv 4 Ill f 1.441 111IV, fill hilil ijfI'4lli A itco fo-he 11 lllgi ll i~l le l f II211

Nmll l ilia 1 iI~;l. i i ~i;1!w lI2Vi'h

(1, ii I Ill 11, , 6:11lvv,I Y o1.l'. 1-11 4111Il l l 1 Ill():i~ i'kth-' with (h 1 t 1 '1se

wi 4(4441 1114 ill41l.y4 lf 1-%- 6-10 %% it 11 1 112, v i i" ) 4'I )i' I ll lI i )1 3M 114-41 4' Chii;,u -1i l) 111-4, ill(]othe

14 11 1 )1 i4 'li p44 II )w 141,1 1-' 14 ( Ii fito 1% I 1N. t1'4, f t I Ill- - 4d'jlý 111. I i t-4I it4 1141 )' i'll I I" Il be i IhI I Ii ) It I id I 1)2. II -

, ; -I f o O , f i t-IvI tIIi ,-IIIIIII

li*I1 1 1 , ) tII l l .R i lI tI t1, 1 N )w sI IN IIl l i i - i i i lu d ( f i -I I
i.O -Il -i-it af flv l-g lm i o i ,11

1- 41 , 0 ;l 1I1I l- r f 111 o f l ) 141 -0 1Isfil"11 1,1 '1 IlI1#11111T 1111 W~ l 11vi 1,1 tll ill- ll11111-401 T .- 11 1I~ llihl- r
11111 fi Ilit I'l) Ill ~it fil 111'11111 3- 1 -8,A' I so a ic R rl

3?i-1 f 111 ( mO mno s--vi o s(1)
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l, _

200 MILES

01002 LATITUDE 300 N 0200 Z

Figure 31-9. Example of isobaric slope for values of D, and D,

\*;II. i \%" stiltl'!i e plssitrie 0!. iitllual virtul1 114 1i 1m'i foittitil:,, tiev ' o I 'inietit :ld ing It

'k.i~t~i t010 h:ti i' height of It givNT1 isobatric 'iig6, itg1 it) I lie !I 'i hug clinii ow b)e

* ~~stitfli' Ils siiuiwhi III "I'igiie 3t 1 -S. lts'e iigs dieterilkilet.
tOw i.-,lliNij :tfi~~lpv~alr over1 high j)!Cs- K (0 j)-1

suei hI-C r ik ~t'ei ;11( 11 i d,(limlwad oNet~l low VII -- _

olit(ste l IPS to , It. A- pile t oflying :i conr-

lv to1 n tto tl it te 1) v r fti-illr to h s p -S' iv 1 0 1- )1= !,I(1 0

tjitlios) :i i),).,- ill ievihitv fl-':ruz ;it - 20)44X 1 -200l

I w1 f I I i t- colgll llta it 3n1 i t I dvI] I I lt :I ir 3e2 ) 1 0
lliii lapsed fill' t111h ioi iifh Illet'u t te tit o l

ut-Sl~l ftiI'll PIghe:1IN an 430 Xt. of I ltlt f iu

lit,:- fi ii ¶.410 ue t i t llI)] ;to. ¶4211) it 1). tlItl e hi!- ith strs io i atl o e

Ilk'w ily 110t 11111,4:131R 11

.41 ( i . S i v lt -: l i v l iý p ll f l ', 1 1 7 ~ i o l p l v l o -- i- e
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a.? TtK/~ @ K.WIND

OWO* T.H. S.f"J4 2M0 K. N

FACTUAL DIIF1

TH/TAS HVs

Figure 31-10. The drift angle shown by Vn drawn from the TH line when ground speed is unknown is

the apparent drift

coliiterlhm'k%%ime ,tromitd (he I'tter. Therefore. lio:iints• I-'tnick :ind drift. The Idrift component
whleii tItle ultittudle is ii(l-'etsing, vo' lle approach- is Vii. (olving for 'ii gr:tlihi'ally, li use of the

Hg a ttit of hiilihei; (,i.nsniv -SveIelV, ]l li te .w(i yoi jititill it teift of allp.txhn ately
tItie ailt itdeh i- deleiv:Isitlg. :'i lye itlppiolaching an (Ci,:. Sillnce the trie tiltitiile wa:Is increwasiig, the

ai'u of Iowei pic -siuve jiel.seiuie ;ltitude reniajil- drift was to the left.
iitg coiist|in:tt). ( (iiise•lleiitlY. ill the Northetit If yoli hohld( it (OIstimit piess;ive altit tide, you

I1h ilislphe'e. illrieltsiigr trIe• :altitlde riesltlts ill it:il note a, haige in d 'ift ill ;Ill instntl. If title

left drift, dec h,•'s•i g lilt ituod resuilt in ight drift, :Itittude reniais coiistt|it, nio drift exists. If it
: 1! i c (I •Vee in Figure 31-11. is inci.easiiig. drift is to the left if it is leettsiig,

In this illiistratiii, if the air'craft proccee(s drift is right. ('hIlige call be detected iLlio.* ili-

fioiu W to X, ti-tl altitiitde heTl 'iSi S from 10,30I)0 tiiefliltelv. It Itl.si follows that whero trie id-
to 10,11)0 feet. IY ruile of thIIIIII ad(l by iilspec- titu(le dlecteiises, )2-DI)1 gives t ilegative Qresult

tionl of Figunlt 31 -A 1. vot t see tIhat drtift 11nst be to aiid VNi h't||cie.ie nevgalive. 'I'lerefore, if Vii is
tle right . ,'rot X to Y. true altitud(e inea.es ltegittive, (drift is right in the Northern Ii 1eii-
fronti ltt,!t feet to 10,40)0 fepet; drift imist Ibe to thie spllhere (left. ill tile Southerni, of course).

left. A.s the Iti niaft proceeds froiti Y to Z, al- Of .)IoIIise, diift dete-i-iiied by tise of 'IAS i,'

tituhe ,lcvci .-s froii 10,4t00 to 111,200) feet imnd tlie apij,','./t1 /i/. If some IturAi1iite iiieatls of
'Ift IIIIst ag:ain Ih., to the right. lit tile proldleii d(eterihI ItIig thle diisthiice' oiI t'I'ck covered between

sL.:wni it Figure 31-.9, however the tiue hltifutide ttli 1)1 mlil D)2 'eadilgs (in other wojdls, ground
WVaS I)l(t cr:I-i.r iktld dl lvft. therefore, wats to tile specl.) is avaihilthe, ust tflit total 1t itt il distaiice!

lt-ft. us N il the ftmi'itla: thei dhrawing VNi at right
lB, Itsing fih Niv\:tNs ,ii ft tinghl co'ilititei, inugh's to heltediing will lot-lte tlie atic'ttil] Ni-iit point

drift :leuhv it\ I,,- c•h'il•l•iteI Nithout Inatlie- lit teit dtistmiie fr'om 1)1 t, 1)2. ln this alst,. the
Hlat i,'l t'tit ititttt oil. ])'rift aklso iniav be deter- drift is iliillill. Ill the is-lll u'ise, hV'owever, the X

i'd0e~ Vy i *,of t ho.a v.g'it jot, ( 'o iter. Just viiiit it thle ffoii iii in li st In' T'.'A, S Ti"ie Iit'-
11) Il l lie trlit hielditn 'l.. swing flie riAtat- hle iniei i'itist gn.oin(l ý.Iv'' i ?lot knowil • with Ii ti( ili'' 1'y.

gl.]iIl I,;' toh lft (I right oi'-ivsIiIli•ii I•t•d uhtectioni Theiefoie, the ilift iiv ll tifiul by Vii is

ot •rlift, :1d plott V 1 :is th1lt gli it were thll( NNIitl. a•l.lppni.il thrift.
.\ t 'i-t ot ! itltillu tlii s-'lt' l•;ick to1 the I titi ' heiilinig
40l tv igal•, :11,dI lal'ig •t "'.\ YS :1i the gi/iViiiiet, yo Pressure Line of Position (PLOP)

,Iii ztei l uI i ',,I ,' of Irift it thl rutiter ('end of the Ill the fotijttlht just li(il. Vii il lil itiiiiiit

it-r•W. \'1Ih. xuti , t wiild (oii the ,olloi)lterl iiie:isilr il knots, tIhlLt is th sia, litit'tcal files
i,t obtf:•iiiu (II' ', i1it , %t. t n I i- rokij-i I i1ilA) tw ol iiti - len It1 iii. It is, thereIvforI., ! III(,-l iot ' v%- '-

31-12
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ton, Zn froili the fir't loi-inuia is tle aimiount 1Th1w "cciirav of a PI1,)l1 depends onl the

i leasiilred iii llaUtijel iiles d'ii ii i the total tine aecTl'aCY of tile iiirp!ot. If started from i good

I celtl t•li p'essuilre level altjicieter) readings: lix, the airplot anl the resulthant PI1,)1' will be

K (12-- I ias avci.iriite as a celestial lilie of position IlS)P)
K -- If computed frouii a poor ti., or a 1). it. posit ion, it
tis = -- follos is no 110V accurate than tile location of the point

'lilt V .aigz:i I 1h(5 thii s on hi.s dihL t as follows of (iigil, thoiigh the amount of drift is never-

( 'i ... 31-12$ thIeles correct.

1. Loc'ate position at timie of Dl reading It is possible to Irimn the aiiplot (T31 ex-

(iweferahld the readingz shiihl de taken near to t ,nded for 'I'AS time:" Time) forward through
lilt of ii go)il tix) . a chanige of headinhg. For example, lignre :31-13

2. D)raw ili a line for true heading projected shows a flight which altered eour-5e 10' att 16"20Z.

to the time of the 1)2 observation (and airport). Altimeter readings were taken ati the last fix,

\(. Meas'kv Zn ri~giit or left of the heading 15(1Z, and again at 17t)0OZ. The. 1700Z PLOP is

ilne. RX'VenieVib. if Zn is•e iativ,,drift is right deteimined from the net T',AS and l'I[-that
~ii 1101!•t rhi hiemiisphieres,. HA \ice, ve(rsa.)

4. 1])raw a linemof p isit. i il(c)eU) l)vealth is, from the dashed line comnecting the 1500 po-
totli. hDeawiii laine of thironh the ei( of the Zn sition and the 1700 air position. So long its the

Ve.ti,* Pieasmeiit, lI (' air position froin the airplot is aecurately

If a Speed i lie, s'ih a (5 :,Lý a mi hlme or other ,letprniined, it. would not matter if the aircraft

l( )l' I viiig it, r ack, c.:an be obt:iined near tile zig-zagged all tihe way between the 1500 and 1700

tme (if 1)2 and abda tied or retarded to the time readings. Ihius, if an aircraft is equil)l)pe with

(of 1)2, then a fix may be obrainied. anl ati position indicator (API) which keeps

UP0ER AIR CHART (700mb)

Figure 31-11. True altitude and drift

3 1-13
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ti It• I of i la: -.1-ýl t '(1( 'k• :f rtstti ta lmilitt. tite IW Ssti.:t e :thittldv for tenil ritiure l.!ilpotillptalt.

)'t:SIllIk,.. l • r tlIt inld :tm ' (."Il Iw used. Thil e r' h r lilt Iln:t-te " must I4, prollrll (.:[lbrtI

l ig I,, t. I Il : I i' li t , ll A ) I , '(I t.] w il t the :PcledI Iues 141 e tl il i I: k lh ilti it I I ,I ee it . 'It l Ii t it lil ie

;il lil-e i I- v , !wi t il ldo l, (1,10' ll lln liIV, a ntild itel.- if thl l v-tlt•Illl 81) tlinutieh . i llt i tt 2 v sill111t:. livx lil
.--wetd .l u ;'I ll.•u flilt,; nIil-lot to lie b lilttnt'tluralte ark't \ thI thio t (if" tht. raia ltli altililtooi . if ali~h ild(

C11tn lii .\ti'i. Flit-lref (w . it If Iý i rel l edioint b ih v l it M o Ii \\Itll iti 11 fett. T e piltu t'e fr-
lli; w ;I 1l ,I m.if• fl tilid1 fro1:ill toflyl ii il l glood a altiCilde, bill the iiai\'Y11toli

lim il i llll (l I tlill ' 1lii. 11i-; Irule llso lipllie. r dtil t, I)ret'i1 t, illstmlt : tl de foi. ls .iliuhi-
Itol veriij l ithli it o f I of IQritft fo Tl l I f it id " itutel. 1 )ill ahrll ald the nlltilhden t tile iltellt i it .seecite

'1. mi~ ld bie :l11i)nlt Nl11'11o. \| l-> t(l-1-< - ll' iii hen<|-

Flight Procedures i allt t Ieiici Ailml W img l ':l f ti ltg

I1-14) .~lil 1011t (olit hiltetoi ii~isbewe

ILl st ILv \v ttln I ltiietu" r ai't s for D 1 illi ( D2

the :it't'llrii v ()f :ill II;IVi.Lr::il i•lo ll ' by ultilinetei, i.s it't ilev < than :l) Wliti lli, t 0 i tnt.es may e be

t l P AhU Att I R' PoIl l' , .f QPI X ( )tiilit 't il T1(1 týl't o it:"lieli I1 atilnd tile for-

4 1-miuih, trl'•l- ill ever ci'" 0 Il iles, of flifflt, Iliilll is• .sinll le to tls , it i's I'ttoliliiviihed tat -
+% 'K( er ,l'l"l" ni il•-v ~iee \\Ill t-:11-. i ;+t till (1l'1,01.l Ill zli el',:Il o'ltii.: <f thle 1) valtue., be taiktli tol oltatt li

()I- N'li 4f' :i !lit I llih, ill eV 'v l of l lit In a driift or tll )l .. i ti iinX lllH " li t l t)
t.\ in ý 16 -:1 '1.1 illt't \\Ill :, 2iio-k.Iit l' .t .• Solllt" stlt'h vih;d.w ;ilý,o are't tseilt l fori r t n t l' toll of th mit(' li-

tl il i111:1\ hpt. ((,)-I ll t'il roll d il1lL7 Il l ,i d. • - ý,ttlilt p~ri'- tlirt, . at h Il' l h f light.

ST AtOP ilAI R o l O Vg'ti ill tilt, tiwutlili. inilft.ifior oln
;,k.ll',,,,d i1,,,cl.tou.. RECONSTRUCTION OF UPPER

'lh+ :il,''iff-l~nl~ h+ li\x :t il tni+AIR CHART -

Within 32h, ft'-t of tting prler ureline aflt itude.
T h-14 ll\'i1:1t , 1i" Fin l d i l e altinni ter aiitt :ill- "lht I-tit lr at illt l is prob l y.ll lo't use 'ill
.-ýIwedl fi'tque, l yt . ;i, iin lilt\- nuvipittion wor'k, to} ill dtvterlliwitnltoll oft drift ;111( itecolist Ilict<loll of[

td~hll'tai --t x :,t vl.i eva•gt. Co>irrectioni of i11lh'atetl nIler~v aIr (-himl'st, \\henl nn l atel'Iirtl w\\ind. of1

wt, tith r arei teiic<oUitered. As.. ttti t,.vilil le, look

:It tile 1ý'lI,-et I~ogi'tiC': i X'li• il "( l ir l i ,• _

:;11-14). ]',in r'oute timie for" lilt ftiglit. t-t t,.x't, e

A\:nelame a Cailfonrniai. aiitt 1ll<onilulti.. h wlllwi , i.s-
0800 AMR POSITION fe f'rll~lttl loillI sll-1h "I )" t'1ltil.t•. ('A)" I-oil ret-_

N N IN D 0/ ' Zl,.) 9z , 'ell

" '..'~~~deei~li' ll'e froIil ithe l weisý)I. l vv ;1tllli (1it ,th :h1ili-'o -

l•__.•°°13 .•Ilie i.,olaicti• suifit('e :it flight leve;'1; ., t ýl• oljw dvt-

All, hlT'ý fin, \\ 1n11 Ilit 1 -Irli~ t leU tI.
IDEPARTURE, AIR POSITIOýN ý _ 0/ F)IXl 01w f fthe ,l,,',it attith', rize' l r,,':, uplwa-

q ,tol 'lwne ofl -D-nit " I I iohxtl.vp ,. ill tlletcl) )"

• + '" +iO +-\ l1w,•' f ml,, tilt- t',,r.,'i-I art. i~ I ll~v Flt,

WIND X TIME "]l IA. B/\ Hil-lt' ,,li V•i[ c'mli Ilin ! zf•lliI; of1 ]h.fl

A • " " :iilil ii!g•hi d rift. 11 "' 1) \-llilt-ý dt 'iwr a~ii ý ( 11, f • ' I s' .

• START OF AIR PLOT r~ight ý Ifth' ~ Il ,.ivVt, ,lill'ti. h, l'i. If (liilft (-It-

1,'11llll1i'l-i'd i-ý (c nisidl'l:tl1}\ (lIll(, t'viil ihl im i ei m,+ cl v,tl , ,

thie llt i i i )' (,; ltI ' (+ll l i h' iýliw -. )" ,'limii'

Figure V7-12. Plotting a pressure line ot position i \\'t'-I- )ltl II•d ()Il tht 7!.() till) ,Jatll l;.lI•ih )
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142 h 0U 170D2 EQUALS 105162* 1"t ON* 1700

. T7S 200 1 ., r, Im • •• oo -go. 1-- MID-LAT. 13' N.

I- EQUALS 2910

N Figure 31-I3. PlOP when heading was changed between Dl and D2

l~eel)Il'trutiot lolf1 the ~l)'" char1t h..ts bieei dluJle ,'hiart fmiirhtlid by the wveathier office, aiid read-

Ser,., as show i by th'le I:Lshled li i-s. R+ecoust ric- j it' ing lprvsstl e systeims,y yot cai get-i ii Iore (011-

tioo| of rh.• "I)'" <'hart ti, relv lelretttts plot~ting the p~i-hp!i-i e ,,'nue o+f tih+ w'tt hip,
S!• "1)" values observed a log tlile track. After the

\':tlne. are plohtted, little na~gliat ion is requiredCH N E N FLG TPA
Sto olraw~ new lines of eqinit~l "I'l, even inl advance HA G"IN LG TP A_

oft thefI iliht--:u(dtius obtain the actunal wind (oil- A suoces,-fu 1 fliught follows thle truack whInch
oiithoil it flight level.. The iilnnlbers aplplarin~g on w\ill prove tniost valuabhe fro|m. thet standlpoint, of
tiel tr ick rep~resellt t le olise iced absolute alt ite tU(C ii e I tl wel h\+]ei". rrii doelixs n ot necess:iiVli'ilv nlen

:t o csea level less thet p re~ssure alltitude at each that tI~e ilos-t de.sirabie tr'uck is thle utlie coitaiined
sil'it po(ilnt (tile "'J)' valhn'.). .laine (In. tile llO;',t inl thle .rigiiia flight phiin. l':veith liit ost care-
of ,hpaillrtt*t. is oil tliet riglht side of theiliat. h-t In fiil plre-tliglt aiuuilysis ,'al go wr101,,. 11111 the sri-

0t11r wvoris, thi' '- t 1 )2-1 i)lirt (If the f<l'iuihla is eli(.e lof llertssllie IBttelrll fb,,iiig calls fill 'ourse

l't':tlVi~v a'ilalidh to) tie iiivigfitoJr for i'e'Oiiptltiiig c~tlanL' inl flight to take Zidva'tlltlge, of c~ml~iaillg
drift hiet ~ 4l\ lll y +II• ll,,,ints iii roiltie. N. tii iis- ".25Xlit (i1s,

ttlane trave'lledl, can be, cotIhtited, for the tiuuie in Aklteriing 'lr..-e in fligitl, when i li'ill weuutlitr
,liuett'i,,l. 1K iitv l i l',,I~t il,,,l frotil lihi talh,h' Ilsili Viiie' fif.,tl'ull furt'caat wtentliii, is tlht lilo+"t ,lillc'ldt.

telel.,:,vg•, or iiiid-Ilatitude, bet oeell the po~ints 1 oler dii ,,f ',.,an tliriln. 'l'hlef<lo,,, it. i+ imlperut-

select ed. l iveItl th I few au tralisoceuli flightJ he atble

t',*lt'."- utl' I': " i,- sp~ci:illy illth'e ,Ip fo~r at 'le --*- _

'ili' -iig li - og'''',,|'' act l a~l'lr ltt m 1 f0• k -

( f ixht I

Se ctthr • uct i. llofiti. 1 -;lcla has 11,<-. t'l ur chart ihe lertif ,a]'

h r ,l . lii. i\" siii I:k ail jtlttlts trlit' ll'S 0il theVI
D -•-l -..- ,...' -. t -- A t the

""lieý i3eIf-1 itl nig n tin i rq ie
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Figure 31-14. Fleet Logistics Airwirig "D" chart

to itLimltV/ conlditiolos whihl il fliglht. •id i m e itk iy plited, thl, pre.ssil. tirend i1loig the flight pluth is
Iw '''r. l *ll d ' tj~ll.,tlllv(ll|.:;. .A1 ellitip hi colll-ýe is I'silliblis~lvtd, "tuld il v'lil remtdily be, ,scu, i . 1llii ih the

;d• ': ulvislLIhlI, w hll, t ili, clul bt, .ltvvdt, Ill-,- low ol. high pi-sr1,. .u l l, i 1t' ,• b• eingZ It,prolidwi.I..
vidled il will llot Ivltl into Ilid weitbr()l|.]. 1.,or| ' This ill 101.1110loll, 11hed ill colijillithom with drift

Iiiigiit prevfer lint tf) l).iS5 soliit of tit low to get. ithesne hLv nIih. mittkes. it JtflNsili to tlt Iittv
i1116 1ids if to (11) so it fills to trlvti..vt Iboth Ithe pressure l'1etilts. TIloe plotting of wilds dirvctlv
W111,'1, 1111( c'<o l fro,,,ls which 11u"ll~ Y fv olit, eullhe "tn oll Ilhe m xI/llivig l <'io l 'l c i- Is 'very l14,ll411l ill ]if'ill'- - -

inld ,u.oilhllw -,t fim,, the, low liessilrt, Center.i i ilijZ vtit itt' t'cotditioi'.'. 'i'llv wVii(d iItrro) ' shotw
it delilit• ,t, tvli[ ill (.11'4lohl~i<ll •ld pro•vi4h, the•

Finding Locations of Pressure Systems ltvigitttr %itl ad'k ' I,' te rilhibhliltv ()f his
'You lil,,l oil. \'l ' li•l' liv•• %N ll be, S; vv t'I 1, V it 'UUlfll~ l tl ioll . ill luldtilli,•, if lerU' lt' dic'il r Ill , r Ill(

ulepiii tlii fiiiili tOw rigiliitl flight plitii. it is lit,'- tl ',iwil froim l v 'h e •'i'iow, its "how l il F]igittlle I1,
INlt V "," toi know lhi Il•o ttion of pv',,-'ut, svs"ei•I'is. litY will iuoiivi'gr i il stititil it'1-t: It is t,-t ii will
1\h•l i 't11 11-i voll-,tishiit l ]evel pi"SSii,_II •, t'(, ('9l11 hnle tIlle utj•pioxiii tl, i-t vit- ,)f tie hv H' N-.;' i.
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Figure 31-15. Fixing location of pressure center

if til mjuveiiiit of the pr•essure ;vystlzi can !sure centfr. Under these _irctiitanceR, it, is

be estinitited, the l)erpenditiuhius can actu'ally ' N: i]ways advisable to alter course to circuniavigate

v1ldalt(ul (it-, ;I line of position can he advaiced) the pressure center and take advantaxge of winds,;.

to locate the pressure cenl ter mo're exactly. Be- In the Northern I1emisphere, if the pressure is
sides being extremely usefuil to the crew in flight, fallin g, the comlse should be altered to the right.

this ' iiforniation is invaluable to the weather 'ITis is true regardless of the direction of flight,

,tatilull. provided, when eastbound, no bad frontal wentber

Taking Advantage of Winds will thus be encuinte'ed. Conversely, if the pt-es-

Beamr winds with eitlier falling or rising pres- S11Ve is lisi k, the coullse .should always •e altered

SaUIs will indicate passage directly through it pres- to the left.
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A

WORLD WEATHER AND CLIMATE

11 F; :i~i'iiilariie8 and (diiferences in the weather Ii ol.,, operatil•g togetlie, givo the I alth a general
T of ([)eiratioliadly impoitanlt .egioil, colnstit ute ('liilitl w pattern. TI a Ihe foui ffactors w'hich largely

world wet1ther. As i nav I ll11%. lVtOr, vo) shollolld uetermliln t ihe oiii if everly ceall 11il1d coluastal
!,ave a knowledglc of world weather prin.ci ples, for l'eg.•i()li Tr:

your ope'r:tting alrea Is th7 globe. ThIle most )III- I,atitlida.
1)ort'tit 1priliciple( of worhld we~ltlivi. sti(1.v is that Landt ano watter d istributio011.
h\\o :ti'elk.s with ý;illlilatr \%c'' ag ~t;t~ltl- l1r"1 Siml- ()veall cu v ltslleh ,.

ilarly located with 1 re.ect to wt it, O a llo)e of the 'Fopogralih.
111:1-ol." Jlimatic" c lt'O rlol.. All 1.I1lld'l'tatnd~i-l" 4)f the-A."• colitrol., N%111 heclp

,l; t ijmid l'staid mid ].lile ber thii.a lltk c ilt.te 11W1

GLOBAL CLIMATIC CONTROLS ,,eiithcr of liVtl aiwatiouloiie.

'S\. iv na~t,-e |lt'i. og :iii eatl r 1e. Ii tIi t n~a .. ~Latitude
tioll fiilt:il. ]I .uvi Cl, cIlIllti' co tlitils deter- ]'llallgh, at \,,lii c'll laks (ofsiulu ill• llt ii'ilc ti•t-

, in the .v (.'ts, dilvctioni- of miove'mei t, an1d( earthi. 111(1 the iiiiiibvih ' of "sim' " hoillw n ei l kl;t"
co ;('it .tri ics of mil Iiat -. '.'(, (licimatic con- d ptmd oil lilict, i (' frmii te I i:"Al tor. "lhei"(e-
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(.:

fi 4r .. t I t exteit to X h11-i- ih :II li :III - 1.j I: h ttid i'. Land and W ater Distribution
Ii f fi tlls , , ', tl 1 , \ ' irv I~l t k t i t , l e . " lh - • t 'l c • k' d l~ I [tr i l t- ] B t ' T : Iu W t I ;l• . d t nl ",Mi dt ' h t ' : t 1 : 1 1 1 ti C. ol i : I t d l fl -

l i ml of Ilem i - rI . m ihh, l',u" tht, ... wJ u l4 pm tteri4 '£lvill 1 1i.. Ii :ll, l h(si fet I 'IIIlelnntl m tle t ,. ilis
('I f pI n] lio~:trI :11)r ,' t.u l ioll ; it tinllilelwv, cý I , w r. t l. i t l -I-,r lilt, c.:11ltl~ sli:: m ltefr1 ;)f ;lit' t,..ill tuýt

flhe v huItIll, , Ilt 1 ! (hv ll. il ilt luiit lil III' ;tl ' l H, • '-

=: ~ ~ ~ ~ o t'~ e l ' (11 -l :1l" l':1,1i;ltloiýl l :11 :U lm'ni~ ll ;I 1 i\'V ,i f:lk,,' 4)l !]wI vilt lllpt'l';l l t :'ilelt ;h I ' 'i"l t.- if" lilt, ]h lidl

hwriz.t~ll tr.d Hi. h I,_h l~t it dt-• rec',''\t's h'- s, Solr tit :1.l,'r fit dillt r Ii. '•,' l Ii v lht, It~th h's of
r :u I ti,)! t IIaita ;tn tite l u t;Ire,: t. l'hi... r Iot I i,l . ].:tl Itat,4 . It Iit . \-II, llý.:i ,• weý,I el-lY X\v I'I .k , f"(n tw exilnllp . w0'.'

TF I II -. I it,. ''" l l , I l . 'lt l ( II Ih e I I(d t. I, m ;I I-,, I II le |].:(11i;! - I', -I I' ( llil I II ll(, '-, I:] \"., I ),'•.:t ?I t, I v nil .l ' i l, llta 1 --. :t I ,l

1.tr, kj. ,'I ' ;il 11 :' I Il ,'t ' If I" Iilt, Su I 'I J ,';,y i f" liIt, t,:l l ; IIkI -.. I :I\ , I'- II14 1 1 1 1. Ir, , ,. l I ~ i I I . I I I t l, ..-ý I 1 11 t' 1 1t V

I I II'tl lI ItIIr , A Ilt, ; Ii tl I l I cr Is''';•t ' ;ll III 10'e' 'h'lll it lit I : I ltl ]i~te I.- •I' l rl, m g,'t:l Il ' I I I 1 4 V 1 1\ v; '.'

11-+. 1t r Ic iv. I:l l ~ ' I I~'tl q ' t' llvl, :- I ''' V '~ ,. LiII ' 1 1 )1 --ils( ,li ) im I ! t ,I:t Im If II. ] :w , l i-:tvlit ,

""'"" IGH W ",, ,

t.It

[-"' X I" + " tI 1z ti HIi
HetIGH V

k.5

<<.]. • •~ ioish.,,.
Fu .9% Gerlz pat of.J p

"9%.' , .. t,, " 4)"

,'.• -; ,.=• .. .-" -/-:-"-)• ,.. '-"2 -"--
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.+.,• Figure 32-1. Generalized pat tern of prevailing winds in January

and February "
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Irltm -1- i~tt \emmi im;1 :liii mmi,_li :tlii iii'(\\t't'i \il mmli'i

In I:11111. iIu r , i. 1i • Il' m w"l it tll • "

fmii Iii g, 1ii ein m1 . Ii i Iit ite m it time; iii-."t

4tr~ h i ., 11 h, !..1~,,.tl f s,)l ,:I I- m' I- , d I It if . I , -Ii

e]iilhI I v i -. r I ,, IIieim- t 1 illt- Iit f t lit,i n o\tYlite t.1 con-

ii m'ii t I F" I I 'htIIl I le i\i t, m'.t i t tdt'
It ' ,w) f tlie k-I;I l!" ili/ w oI I it 1'.1, -(ll" .Wr , pl h~li is' rf -l.ext, 'tmi-l mt~iml* l, :tii l .Iii:tlmt' h ii timet. u •imm i- eti" ~thi-t

lii, . I" ii li ll .1• 11-. :;1 i I l ca lil' ui l f l i tv. l -v IIId r; i,,!t r I 'I i lt. Isl 'lw 1,,,t .tý" I fil 't I- I•, I) ~e ,f n 1 r ', d t, : Il .u ,ilt n . I .:.u ~ b ,

... \til,,lli imit is lit, imlmeI tir tm the •<mttI, pn'- 'mimse iof thm h itti'm t | 1 t s t II it . 1 i •. we '. Ilhi pre-

l i,'lli:l Ii \ Ii\'I l'i t i iItli ' iii .\s:m. \w iirI i \\ ittl.. I, m\tll I Iies.M I't I ilt' , tlmmII ihum aim'em:il

l /~t t.,',,. , t.. .. ,. i tim,- , .'t, im 1 Iimmmil limmhe ri .titrfs•t'. :ltri•. iit -,, ,.,1i m le , F'tti,,ii hn m li m t , ,' rst~l't,

Il 5 mf iim 1 1 Ii•iii'f l•ol e it i tim ti 1tm l tit, ti' 'ti ll :-44 luelt k' Of I l it', Ir l'i(i l

N,,lm,-,f Ii i- ,' t~ l" i- gr:m mt.l if l ii, tli' tit1t' 11d titmi'-t It'mlt~ s f,01, illfl' it, Ni th .k itautik.

V,'imt+ ; mil, t,\m ti lwllh t tiltt tii thol1r1 1i t,ti1 - 1t0iii tfim N'twt lh P;Ii , ltt , \l i miii t if the tm tltl-
sp- v vlt t, It:11 Il~i tlu' S m4t llivlttl l ]l,-.1n sli vivtr . T l , i s. v:. t llt 11lh Ii l' htd•vc s\- . 1~ Ill :l ,I ittr h ,',\ s+

Vii . \ I I I I t tIll, I i , I lS I\ 1 mi mi t b1, I - It t i iii , '-1re tm i t I' It 4m lifI Il It Ii , I I, t hi muss I,,I I lvc it i t.- it l t m.eI, h1

j Im\' 'lii I t' .iim ill -i- it in- mi - mmi,, ie i.tft flt Itt fle ( l ;ift,ý )ri -.14t' ( if t it tiitliiih I i i tudes :i -

lilt t ,m-i-t I .i mt, mmmlltr, j ti :& )m emiiirmmul 'i"i smimi me-mmU ] im r mt mmtel itm- m, ti'tu . i ii,] -mh emh, l i•tim-tl lihitlt-.

,,i i \\h . r,,- thte litt:1tw. klmIthel" . Ill Ilh r Iti ltm i' (J tm l m 'ttivi . is t ilmll I i . ; F;,11

f i )'Iii . ti)iliml imt t o) im1-m h-mlit - lt1;tll it-m'iiti-'r-niz ill ()f t t 1w ott' ll.. i fi I hl itmmil 1i h .\lst .., hl \;-
IIiit' N i li hiI it l ,I , o l I t i. t, I [- 1e i M I 1 * lm l'; I fummt m-' Ii ttmli.t-h ' I ItIm(Id (tl iitmll im Iiiiiit( th t n A I l ii. it ()' !ll it

Ii i tI I v II m i (i' i-m 11m t'ihi t m1 r i t t'ri tItI.k l tm1 a 'ti-' I limI i-kI llm;IeI I t Ik I I N tv t f It itIit 5)|f ItIlk, .it h it i W"•Z, 'IV

mimet'. I,,i+ ht m- i':t't' tl-. 'i'iti t h i ",i mlmi iimm'v lutrrmmtmr f itmi mm if . V:, t mt,,m t ,-w-t itmmm l,, i' m-tit ist li". ie it iml~l~ /

ti--immi imll t m lis I it Ivt l Itl-ti ;l I I t It t ii ti m l: i It i I IIm.jim-ttI Ii v II- Ii tI IItIi ttal'-

-mimi i : ' i4 Ii•.it mmmi Ipalmtilt' tmmi'i : mhm tmmhm i of' tiill ihmmmmImt-iti. mim

I I itl So i I Im Il u-t m-rInIIc11 -ýlI Iicii m I IIIitm s li ltm I -iilt- iti timti i r ii. i-m vim dtint1, III \ -vI h I mm ii-
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m: mil ti ' m i.ld \\A"-ke;II( - i li, - mii -i mt.m 1)m, , (]()\\ttmit imt,] it it) m ile-Itim e III'tt ts ' () f -i-i-

till() ýtiv itt N ,,-tkl c' -l ii-ri''- ()I' hig lt lim ] \\ III it.- ,,V tr SlIm-it'lt {t mi l iii . ( mI- 'ti t. '- Iitmommm
I I, . l, 1 t4 - I " U l '' ; :2 - 1 ;Illtil ;', --+".) ] )|||"+ It. tlm+ fr' I' II t'(l m il 1,l'1;11 lt'g- Im ls, It ' *( ) 'Il - 111kl' it l- ilm \,,v
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:t i i t, I lit i I , i l-,t l . ]u' I 1-- - - - -I-t -- - 1: l t- ll,- -t-" :-1-- - fl-- - -ll - I i,O c e a n C u r r e n ts \ %t + l ) [ r1 1 _, 1 it" .( r ., I i ,e ,I Vlic% ; :I ll+ \\ es lt rvi \

M "' \ I11! \ý:.;t iltl"I tI... .- tl . y:i Im -l1' %%\ 1) ' 1 ,hv - \% i , i :1 -1 e ,-, h ) ',Ill I , I ;I I t In •t~ l ]•: k i f+ ( f:-
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="=='• v~ ~ ~tl ' (| '0111lellte, .- I t.4ollit] r- -l.,'isal] of \wili(1., fi4

00At ''t .\os iIll, blit tli'.v prod(,uc('te li, i rtd Izillnnsrcon
""hih livi' a ,]giil ficil it el1't-'t oil the :il1olllt of
', l l l I1 r 11i tl.

• • ]{6",,141114 N \ Ih •I 1"1•III S()(on mo ls ll ( (eld.lich's lI~sl-

•~~~~ I 1Y ;v ()I. , II1(- easter'nn .sides• of vo•|t••lit ...nt. 'll'h s
• ~ ~ ~ ~ ~ ~ I v.," 'i ,lw'itlll' tr'le• In• thll,• tiddle la.titu~de.s, Sillce (lie..

;':;;':",;t'':::f;:;:: tll'i" WI' I ii ~l I o l'l"ts it'•e ,ist uh f l vlI i.

Figure 32-4. Summer monsoon EQUATORIAL AND TROPICAL
WEATHER

flit, ' uil(- n:1 1 \\ ftl%'mv " i,(, * s ', i 'l .d lit r,- Ii flit' lt'iiijit'l;ii' Zliv', w her'i'i' t' , '- l' w ilids

f tti, n f l ) Ille t. 't l li 'i 'i thi i o 1ii'' j 1 l i l l , 1 I i .ri'lo il l is i i's" •| Ii isiii g •ftl l"i'te Ill|° " il t|stn I'"t li ,

IjihI fII ' . ,l, s u i l t l it, • , i•i'l' , i lt u • iit i ,- ' i ,w -l 'i h i t'l i . iii ultl ll( le ' t r no l tii , to ' ii h ir , %'e' t l l. ' nI C ( .O l.t

Iie i, utl', I it'ilt- sli• . , s, f I l , lio i' tlle lt i t , - iil 'lh ' , ii i , dit i4'iiti 'd ihci ii t n o r m a i llo ti l a iivt', ' '|'
.'sii,,in i ',i' ],'iihot iii i , iiiii .ilt'Vt' i'i,. ,|l h,,rl' ': i '-i fe i xt', iii l iN i f) f u' tt ' i'I, a 'l), ' rises abo ve 1'2,'1)(0i

Ii tl Ni ihfl Sii' II p.l . b ri ngi , Illt. I h % :I IIll w'vi'i', iii i i n fii'i' ( it l 1(rii i wu, i t'. f til' fi t %t t:'il, "N e f herth . lC n -

I,u fii, , thisi lIII,- isih ftli i oiv'i f lt'1 i i1- , , . 'li'it i .'' , in t I l )p osing/ i!-I h't' i iih sof l r t ies,

h o d,', hf i t ' i-] l ue r iNf'riu i 'I ' l , il|g tii t'. ItI) d Cl •, N i' l ' t 'he ll: t'i l ti•' e .

I'ilil I, ('Ilii, TIl , wiittri' .i ilduloll I ,ili f• iil thelT'h i',u v fi, i:t ii .u' iiil ;u1 th fi•t 'f• i i it'r,,l• t .lii' ii- --

%V l 'i l r1,Y fr -o il l' ll. (,t', l . __w f * i' 10a

lilto''s 3 wln 31 4,) IntertropicalConverqence Zone IrrCZ)n___
Jltv'llllm' opf lilt, g1'!,:11 si/ize oft" ill- i-olllilltcllilf ofht II•,,o., pers'.i.le'ld wll.x)• of ',l'(-o l 'verg ,'ce ,over1

. \ ,ii , t] , I lo l l s o o l l I s I l l o s d e v e l oe d 4 4 • \ , e n ' v It e i~t ' l l I I H ' I ) c c' l t i l i s i h l t oI f t h e' ] n, l" t r o p i , , • d C ' o n v e r ge'• ( n c e' •. _

ll id~ H o L tl l t'l'l • p l rl .", , o " i t.. ] , '' t \ tl, n •we e , ,. • ,,,,I•0 0 1 S i t ; z ol lt I T (. I\ h', w he r e •I ' .4st r e, al l is o f b o t hl h l v l l -
•Hllo ified for)l~ll, ori llow ml,,l 4,),,l I ellc]hl•'ls. iltre c'ltl'ita '- i•lh 'ts I ll, , the. c.,l1l1ttoi'h l n'-'-io l ,of low\ prs- --
iI',l'iti,' of" ,,l ' I-1,/.."i,• •ns So'l. f h. ltl4 t ('l,' O • ' Y' llliý;r g o I's'/, i(l| N so •.'i,1]ed tile tio]hl-111 bellt.

I '11\11-d ShIlI,:'-, No,,l'li•'il- .\ .t'lls l Spl|ill, Itl(d l\i'llille.y ,'onditionis ',1lo g flthe IT 'Z c'hange. fro•n~t

,•,oIntl A frivil lt ' I 'lre jv i,'InS \sill Il~lwls~lS , l, t'ldvil•- i hi v It, Ili\" v u •,r i, to• tilt- im lll, t., of the, 111,'
,.i,.s. ' 1'.- - :tl ill ' l I itre " ; ( Iflot 1ý.'X;Itllsit'v ' eIIolI;Z I o, s',l ,illa llS i ,.l ,',.,ver,' e iull,, t] z,•tv lilt(] tile

ti

..............

Figure 32-5. Average po- '• •- -
sificon o f Intertropical ,..-

front in February
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thii., itl. of loi lwreIullrv :lift extetnis uoltll on the ;I\et'ort e. I:l•lnt t\vict(e :I week bt'-itig the

1 oit'h t io mO1'dl ieg,_,h1., :III area of kl(| weatlier o-'as(n of their m.ost fr'equent oi'(curi-'lnce. Their
itf.- ihere '• ' 'lietr wettiher to the west of tl, t'fi'tts. iiill give ll r1:1Y t, ml over it

ti'1 .,i, hll-' ;11(1 l tl• t i'v l o k d We:tlller to ith' ,ealst, ()rfi till.(e ,or fo nt d y's. W Iv,'s which are
It IsI'. ,tlT t lietI lelollito o'cttts witti tile bel otf 0,r'i.l ily \%enk mnl haidly di<'etiible on the

wt'stel. \\ it11k. he it, lie r -4stem, iIttm' fotM i etl we:lt e.t l iltrt tllll ' t'dpel la iilv l.ve, I l'Ii(,I(

to t:,fli, t it onlytl it l ' - l, ' iHss a broad ,If :24 Il•mi.'s, Im t llict'utly w\.ell they ;net,' the
]ill (,o f ,'0 'cvet y tloiid. which tends to dis.s.ilitlle ]'I'('Z.

71'auhll!) ;Is it lmioves fut'iter east walud.
Flight in the ITCZ

Easterly Waves 'lit' Icloliqute of li iii l th t irougli li i.TCZ

-Etstrl'V \\tve's ot titollrnlhs :1ire ltstth"i lit- depenldli. to Sotmie extl iit, ol tht tyýpe of itcraf.

t~elidoel \v- lialx' litn' : t \iud ll t he •;1 .I- klh',IrZfl with ('t.. llllt' t tf 16(,10t fe'l or
(,'l Itenii. ihlcrv). fiil •11 ,l'tss:lil'e, ;Illd~ If Ilhe \\V:l\tv ivi I';lrl Y It[\-.\' h difliieiill inll lolpill- 'I• m ids

: l1 i:::2\l l ii 1 :1i t hoz l liit the mti s tir i ',i l tih rti-ri ii t ljopýsl\te•lt;io f j ltatit.i-

(w ati,'li it lies. 'xce ilt )ln'lt tll' lili elid lo iil S I.']m id i. 1ak 00 feet a iit lowef r. If Iithe
of tilt \\z\'e crest. In flit , I -vul'til Ipol-ion of the fail l i to ind1 illItrvI\;ts whereltlie v cmil tli-i\'el's tlhe

w I Vt', .•on0wlh t ealt'r]\ \\viml.• 11 nt'lea hl i l n e rtitlt litl I']em:1i" ', r Ill (.'hId- \vitIh top!• lo\\ 11,t000

S•) ilill' li tCoill- fllt .tlltvl liil'-t dtt 4'eltd ti o e w':t " lilt't oill-iln e •i d

vU 2i': ld>llw ,r \'lh' •,•'l' lh elii lv [i'llZ~ 'il q ii:

o'f t he nit lo it 1I ve of hi eIV :-'S ,this i dtlv Ile tt'l the TI hle det'tI v llid tetl'lit:'l extklh'. of tile 1lil -

l l'•l Iilit, :1l1(i often ;k~ lltils I ]it hel. of 3 .I oe ] lnis it In llt' f i le t' ll " ( '111 l w )t cotl' i | is h(lel'1 .

fmt k I Iwit' ' V h " ( l !it, A(qv f I'lo l ilill .= Coll l\'t el' P. ? .1 4 -s! of th gil lie , ;I ..•CM t I r' owd i v if tul' i i llil-
lit the latter. :ile~l, \\ell-,h,\'•,h ed •lailn •'; I 'll-,s wi<'omli il~ilti by. vonliidt, l.; le miidtdle :1nd ]lIghl

l' w• of ;nni]li l ri e :lt founid, Thel( wvlikelr (.hnids ly ii•Ilie YIT Z. bill ilier-e il'l*, ilimes \\'lci
\vi't•iit o ln ilhu t l•a e ll ie ýll1l l .ninhi(l!iilhlln l otimldl lt;.l-e so (-lost, tog~elther lhimt it.

Hi~e :11,1 Oft. ttigltt.l it) iscli ditieti tll 5t't isIittti th

\ ttllivitr climlll .ilic't, he ioli'vie't, : is ltlo oimhike if t i'ilitt of tile frt' ' \\ ith-
Ili I tIor Ib ll II[llitV I 10t be .•il 'I eli('k! I to prlOdtwe' bald oil,+ innt'lt r t ilitg c'llnlds. It is satfe to fly' ill c'lornd.s

\vt'i I Itl" Z(l ltt' ov\'t.l lit I <le ' open ore i n. \\hil.-e Itop)s (.;Illl pos.ii~ ']it b judgetd tol be h)\wel,

"11v Ilii'ert'i~m of mol~vement lll, is:Ibo•llt nIl-111:tl to Omitl 14,l!illi tol 16;,000i feet. 1,1glii-lto-mlod|eliteP

til(, Iroli.-A li 1l wilt, lid ml -rnilel to tilt-. stelet, 1 r ii 'll'- inll-b ltlh iic't ;ll11 11:1 l lilmiY b lict ( llllllltil ed, btil

rlitli W' whic'h it lies. %V \'. of this kinid occ.Ill', strlong•, d•ele ll' a1:fts ;Ire' niot likely. Th rn ila

dF rie-iSr lit'ts i ii till' •']olid whoe l ol t is t lower
thmli 14.,11,! feet mlid t~il im illittnltnImI~ll~l N" Iretiiiny

11'toi tilt- I'oli\ecti\ve collillili of ;I (.11lli11llo1liln1)11s,

• ~ ~~('llllll11 lli lim llu-; hops llm"i 'lt 'l , v e()li 2 ,0 ) fut'l orl

'rerl'ls to fly blindl l li tic'k clomnkl when trlops vitn-

Ilot I ])v ;I(.. 't :I'lle I.Il

H Al. hIlig t, i Is illh'nll tol see Isolmled deep
S..... • • •HH J ? • "•'•'•"• cli']ld:i. th im tllh oif ,lighth. lh 'l . i1,ltill

,> II Ii 'e':;• I Ili c]mlo il l ll 1.I t I~ll d ; til l,'.lll~elice over' tll,
• "lilJ•V • j(i,''lll I~ll' l Illl'!llll~l!;I 11"l~l-ls. 'I'lls, elfecl, is

H lilo.4l joli ll iý'i~ldvlt Ill fh ' 'lit-\ of 14 11l1i(k. Y omii

•.iolliild dhcl(.lnilll flilt, (wli' il i oll~i ()f tlie YYf(Z :11

Ihle ol~liii \Vlw 'l (il k-lliv %.()I 1,1:111• t r Illid VoiI-.. ' ll.

11 i li Ll 1 l l 't i :It r o lllf,, 1 11 is -4 ) ]1. t o 'p e lld i s l it t le ti 'ln e

Figure 32-7. Shear line in the tropics ;is Io•-1hll'\v i hilln lilt, i1:i4 'It",11 holl'"711t,
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A tropihcal cyclone is roughly circular, but by

110 mllealins syiimletric'al. 'hie worst zone is the
- x~i• righit frott ,Fig. 3•2-10). 0)hviotislv, to establish
w I" iw 1 is the right frolit you must know thie tiirec-

t iou of nioveiiieiit 4oine c~i ie to thle direct ion of
inot ion, if not forecast, is founid froii tile latitude.

-. . ...- See Figure 32-9, but remember that the paths
shown are only average. Some storms have been

TO known to stop a while, go around in a small circle,
o1 Y/igZagY.

As the s4torlm develops, plart icularly after it.
l .. .egills to trn iorthward, the rain area becomes

iimmense. The great a mounts of moist, air lifted
Figure 32-8. Polar trough in the tropics to high alt ituode spread oit. for 1()0 to 300 Iiles

prolicitig exteri 'e l'aillS. III ad(dition to the
flight hazardl:, there are high tides, great waves,

Tropical Cyclones Winds, and flooding front rainii fall which plagle

nie of the gre:tteM-t weN ather ht1zaar(s to naval (o;:sta il regionlis awl islands even where hurricane

shlip,-, air liases, a;1, Iril'craft. Ix)th i t tropi'al and Iilds Iltltv not occullr.

iiiiddle littit ohles, is tI [, 1 uvoic(' cwione. Fverv Tl'he region of strongest winds is tismally vsmall.

lMVJal oflicer sllolihl ,, familiar with tihe nature At tlIstatuces of about 100 miles from the !enter.
of thle, storitis. the .,casoli (f t heir occirrence. the hurricane velovitie.ý (61 knots) are seldom

n:i-as ii xihich they form. and thei i (."liiiiI o,.-erve5(l. 'I'lie velocity of movemel't of the center

tiracks. ISee FgIire 32-9.) is Vall'ial)I -h it rallges from iI few miles per (lay in

""T I l t 101 ita (..I cho e i. a Il ii loniel iou close-ly it.s e.lly stages in tile slibequatorial regions to

;14,rt'i;itetl idi tile II('7. It IV toiiCed typhooii. a)tinoxiniately 100 miles per day after it haIs
]loirica tie. or will c-w illy. delepeldi iig oi the area lecome well (levelopled, and it inicreases t. 3,00 to

withtin wli,. it oculrs. TIhlie Characteristic dif- 400 miles per day after re'urvii•g. This revurv-

fevi,'i4-s 1Wteli the tropttical :ral extratrolpical ing of the tropical (yclone is chraacterlstic. and

t( lo,-ne., aI, ill the steeliie.•s of the pIressure gra- is the norvial lesult of the passing of tile stormtitt ;ists-,,,'iatet withIi t lie foiiie and the ar'ea of into the zone of prevailing" westerlies.

foriition, 'heiv well-develoied trt!l i(cal cyclone 'Irolpicill Storms never forl withinI 5) of the

Ilis a 4li:1:etier of 51) to-t) mile's which is a('- lEquator. They form only over the open sea,

cplie ii ,"by wids is:,, high as )',I) knots toward where lar'ge alllolilits of VizVlime availahle in

teIt n-,,citr a]. I'ill ,Iea. tilie ioist air Manl where sill'fate fmict lolui forces

Solltl, of tilie E'quator, the waind spirals inward tie slight. Althlough the tracks of individual
aitI nilitiad itn a 'lockw\ise, direction ar:und the tropical vclolhnes man'y he irregiilar. they teil to
('iitI'il of lowes.',I iP1II'. -)Nothi of tihe E"quator des('Cibe :k ltirlilbolic 'ourse after forming in the

1l14' iotItlfioll is lIt' revei t'' , allih the wids spiral snlt (1iet:itol'i legl riOltls.

iit ; otiiiiter clv'koi-sA, hliiection. A *~peeiiarit.v In the iNorthern ]Itlmnispliere. the cyclones
of tioltical stIoriiis i v thlie 'dlIi center or "eve" of telid tot move iilist ill a geterdl wves.teriy dir('ection

teI toif, .o \lI eii t lit- ce ul'r of flihec ',',ihlo e ):asSeS neim ilx I-ui illle] to the tiitr t heii iorthwiest-

( ,. ;t givll ,t iit.n i t ha Ille %]iltl. \whitiillsa ,well ex- at l l. uIt II talvll , t o ort hIt o iII 1lhtiisterlv it

itloel"v violtllt, tlis do%%i snld eiil. cithier to ;llb- hit ituthl's '21 t, •.t- J tl tile -ll i' I Ienlii hlt ,,
solte l ( ot li or o ;i 111'4 t Io%%,r vchotity'. atllt the Ili,' sttflll.., t ,id to Iltove wiseirlyv, thell s tilih-

Il,)iC1. . liih!i s-ops. 'it ftoliiii 'li" I1f the 1'ev,,1" xeste.VIv )f 1 VW:lv frtoimi het' -qoit(.ol, ;111i(1, finlially
0l' ':t]Il ll cirlter, V;lit's fi'illi 10 lot :;ti 1 iii e-,, A. ftel' i 1 :1 Cii'Ve tI( o li I' ItIiIiwi st' it Itlit':a,. . VI lhuIi 11V
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their dial.•.,•it l ', a ~ while, the intehisity( IVt- ;tl,-tuM h) Iv I r )(hit to \\ Iidl auld not (mn col~lpass

cAed.e". t hlihlier latitudes, they oftitlhanige cour'.•.•, W:ttch the trite dir ectioil of -ii rface winds
itlitu extx'ratil ro i'.clnie-. to) del'ii'tinet wvipl .P olve ht) tile tppo.4tkhe

]II nllie oft t lIe 'egotis o(f trilh:t] .vlonne for- ;iie atIl alte'r CtIIr.'S for Ah'-s1tia1[01. (All the

1IIali ll is the :;'. ert.e ;iuiiiuial iiiili1,el' gre. te" tliail p]vre'e lin~r is fi" iio 'ti lihi ittilde.) ]I) sollth l ti-

teitp'-tive iii .'nil regions, tliQe \al]V :iveIv al.vr is tiatle dhtlil le hel' irn" ptort ) to ight or starbl-oa:)

as suizall :Is tw( . III e:ich h elnt i.fllere, tropieal et c.

cvclolle•s ()t(iit" H )'i'iitllV th'itti tilte s.,lIlt'ier semi;- Severa;l otlher rules to IeiiiemIIlbei ill coniectiOil
SOii, %hlef the k']' '. is farthest, froiii the (pll;itoi. with tropical cloi"hlles ave these:

Flight Tech niq ues in Trop ical C yclone s ii Yi ).i tj'i tilt- .(ii \'. hil i teret i.w (d ti lt- inot tu tu

Often. \.leui treical cvylolle are ]:l1ie dnaiiwiitl until the wiids re;ith itbohit .5( knots.
Iitiig-hi to :lthpear oil the weather niap, hL flight ca: ]Bew•:lie nf alii 'Icr iTr. If :I rlai. :Il-

hbe niiath X, w\ill ;uVid HilV ithe eaieSt Wemthllile' r i miuntet is :a'.ml-hlh, ]Ise it. ;IEtIeIiie llt'ess•ill
;an111 t;tke . I tlvait:ir'e ()f the best Wiii(i. Iui the dt- I, I IIght itutikt ;t pire.ur al;tiuilte ,eIt'I T l 2,4000

..-,ui,+ltuuatloi:tl rte, i, ]liwever, tlh presence of feet lInhiI" hitui actiual altitilhe Iltni the eve.
trolmi'ail et•lhoeNuiltes u1ia t e t ve(ilehRl itetsbecau t of II mih hut itildue. if You heath downtc+';ind in
their smaull Size whden telt, are in tile inucipient at tCYtlhtiu (.ir'i.ilaiont lite low veuiter is oil yoiir
.-,ta . In the. region, of their ffnrtInt ion, sImall left t'l'ni l tboiii (Ofi, :it -,)00 feet t1o( !- ab()vv 3,00)4)
inuileit stl ilS ;ir,,. ui'itiilies eiiouliitered before lee t In ,ui ,hi ],liltuh1Ies, tho mw IA oN \oul
tilt, -vuutili' t 1 -is given any wartitfig. lie-re right.
:i iv sigis of siIhb thevelopinletit A\ uiv t inie yit lIv wit Ii tilhe v, itl froont lie star-

1. 1 te:iv. (l'hol too high to ýlinmb over. lha:'l iilt, il o li te goilig aI\\;tv f'lii tile t,,IrII
-. x ilidlyh shift itig winds with increasing telitelt adettiii., i tail re!iu ii. the iIarga'ii. 7/'

wiltli velouit-ie-. ,i,'J;/Ii i /,,I puN 14 (bl ,'t,fuii ;s 0/x Aftied wi't/ f/tc
3'. T, ightnilig. ,,.;1,Id f,'.o //, 111. 1)0(•','d /lll,..

4. IleivY sme',lls Ititit iiig niiomile" to sllm.etr

V I' t gree tPOLAR AND SUBPOLAR REGIONS7,.~~I 'i 1.\'t' tt'rl \ri, ,l., IZ''t t l thle ww~kl,<,ts cIs"

rV 4+ii " a N. lit miiidi .t S. lat, a c'tnulitmio \IM , "I'I lihit' r.ieii itiritieh, lie Iittthttii iitist

iti(ldcites c.tlo)nii mitticiti to the torltli of. -Amth. ()f Ala-•ka atint ('atida.. he (aanwtimtn tArvtic
6. ( mid'luu cirtoirstlttits thickeninig to alto- .ithil1'tehago IIIi(cli Iof Jjalu'auihr. uinrt, of (Greeti-

.t tl'itlis. hiiitll, the Svailard At't'pelalo, ]titrtliet'l Si-
7. I~iiii failliitg tittiti :utll< :Irtitu-. hteiimi, tumii m id tilt (A)r"tun. I/t ' ionf./ZI. tso ld i hwv.i-

'' TurihiieIet ill cleh:i air. ol,' (If f//I,' /01'I.Hr /uri, , wil.qh.y ro,/I ,oml, i'/b/

lithe s. it is ,.t'iii (lilt ,tv t i) dt -, (loi t tiw to f/I, w,,iit/, , 1m h ,;1 oif f/1i t,-,t 1i,,-. 'Il"1- suit-
p)t'lltll'tt(* it trotit;i] sluwtilll ixtepit ill etiieigel iCV. P0htlr legioli, cOtii'ti,;e two regn tlls (Ileit.,l'ig ill

If olniIeet siii atlii'h it vliter ttllul kica1k or git tn)ttg'jli.\ ul litite -- lhte _ tIatjli reginiI it(I

I-1l',v it n lto .iii t I ii t ie o i•ixu, v 411.110•i l f Yoi R:iuule( w\\ 1, lti s 11i, exteti.\ ttit it 1,i1i , Itittllm ti:ii lls of
I, 1w i \ I n d (ill Yom r It .on tpunt ( li itet! yo' t wvill i)- Ihet hoi•ti c(mit. 'H"1.o Ahii litlll Isli.lll ('chniiii is

jtttai t ~h t t etir a lif:tir!v filst i1ht,. I)o thiS s-Ill ' iiu tliiii.t1 . ,ui:lttthar ( . ;iuhtl ia t icit-e
lu t1il ''iii, '.eht'itit.. at Iho: stittiti. i-iiu i cfI i I In iiiaihuili ,ii idl Il.tati of the
I + ;1(0 klm t,+ l ,fijel l lll 1 I111 If)tl t-,' Nh % i , 1, ;It th et n ft 11," j-1 '11 .l

- tr r tlu:trit .1'. i+lt til 'i hAi s-- it-- il. If I lit
foiidh it\t.] t)'(.I , :v.-,-, IIII111 right Ito ilacte it tiumre W eather

Iitil'Iv hthea' i,, it tl,,,itl' d h'ttvrIS too i1iicl i1, \' tliti istn ililii i',elv -liill,,w ii lie ItI .ar

l , ih \ il ,,itl.. ut.ir \Y w<tei'u . Yiwlt' yttii fly Ititti . Ita 1it ' tf lit eaItitfIelr siii:ill ali:tiuuit (of
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flwight i li lt -1m:ii 4d ligbici :Hgli1 toh'i t
1  welia t CM iii 'aw i l't , glIiýifih

III g-vlitril. 111 i Iroq(iomI ()11 f tlt'iir ulday, it fHII itivihiriv :eri ts h11izil.d (II) liewlY foriietl
I~tsl;iti i 1:sv seltminii overt itii-Iiiih and1 ofteti "Ilow, or 01'(11 t(1 ~il t 1IV, :sI~atdo\\S arte hiot. visible

leis. tI,:iii miie-tliiptl. Nt;Irlv ;1ll limses. except I thos 'F'lshas Ills cietieto.I sotiiewhitt Simiilar to that- of

il tlli\- 1111(.1,1411" 1 iii-v I m c h i i. d I'Ii j-- h '..rt. 1 t . h it lA f e liiik t .\ i tg e x relie u n t m. J n i iu to-

.1 tM11 l d I hioli t ie cw ll~vi()1 :1mii %(,IllS. ti h~ifol(lttei hi fog l. Iium, snow, 111v Igii4 ,.llg ad-1W

I 'in Wj i ii. lil ým th .rmi f (mmm't, iliini tilc itmewlimui I mitl, :ti~ 0ig visimhs :k154] (LI>] a (IllilIfl

The list 1 thh the"o.ti' for-; Ilil v1:u-.ka occis Iii- Ift -fow 1ii11il blhe.ve owfng simVth

IllIiwi \ i ile-it livii 'I'him -l~lE f (,)It :i lt!i theiSIo hle l)I Jliht v e gftmi ---- ' ((uLSIll\ l~g hili":1-1cl l(( fog te cle611
1trhvit i\imltifm~~ wlmu lHmii f'i Ingititu hmlu.d.tm uvm ~ liilli Il iVl fti

11v Im! I iI~hhli- fI~h ill-al('. w un III 'l ivi :tt It .(lo. 1111 , fmle '; Th eit'l lav v f o f i til
[hv m1in I nllu :114 lIt( pa~rt ) u tihie giintl liI "lich ii ,i'm uvtl t og~ (~~m,~ I-hli dimi fog, fsiille

iligs Itiild \PIbil~ijtv4 i t rv l xl 114)11 LU)j hi I'vet. :iil id Cp iu iflhl Ef al hnul I;-w d i ll i teSilpohill regionus is
llihv. tIi'tve 111al1 10'..; of I liv t julic tauiih ill ligg v inotw omftenl Ilm hithe le ll-tOWHZ "lel. Three

Figure 32-9. Typical hurricane and typhoon trucks
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I )iift ng znm% ii so rvmv li~.~ibi1 ity Winds
___ 00 of 12) 1111)11 ra k& t ilt- silww a few feet ((fT the ground,

1k ~ ~ ~ ~ ~ I HION IAWJU awIleboin o 'es suriface objects
VTLOC2Y AOKNQ - such ;i-, iriiks, aud vi~iw:tv mlark-ei. W~iids- of 15

o f t 5 0 1 , '1hi'l u t w i i ls mi llu lo w ii t v i il iII a ill ~e b ~l c wi n ga

vulu& Stluuuuiuleist34111it uheigh~pt o 1 eet, tutu frttl

A blify is pool..titt o iev 'lu i ~i~so

of1gh II Iivulolilruiig iii' ou.,tvirah cus ofl coimat,

arvas co/~ inis aak t-o itle h lp of alieewros ur-u

oilli li' lo~uultoft Otttn'leS le iftn m dft' icaltei. ov r are conititi t ingentlu rtidgtejs.

lK~t lii iiifu~rit IL\~ i situuuie. iuiit.Mt. tr it l iasi- I gr eIl li uui thtipi we i tui u speedo

tI OCs i thi VI itT Ytl ii ii io~ itl'ih ~ fj tt 'i(iti uti' ALiONG 'Iiuiitice rie ilutitl iof

TRMAM3212.,al ctvt f rns
"1 0IsLO tef on eilvIo (ll~tlkir lg !IiSz

of tl-m u ttn n h ttiiy o ie ii
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\l1tlfui'Ot :IIriVi' oVer tl:it LUotltt I'Y it lega~ills; its cold fronit Inoveis iiailiiii'Iered Iltitil it i&'adii'- the
uhiLiallIi't (' ('otd 10l(] prIec'ipitationi jatterll. Iitoitiit:1iti naligemawl tile stalled NN m111 ftront. T1,lis

ill ile' t'ile' prcf li o lo~tulil- uto '' i 're .s 'III, ia ill. wes't -isto f i' 4 ft1 ti I'-'ct'\d iti u hd

IoI' aoil iiitcl,-,itvN of lt'e I)Icillit:Ltiolll on the wiuid-

va uI 'idi'o ( t: I 111)( lintla ý IN tto il (le leewasertd NORTH ATLA NT IC AND NO RT H
pveipta o ile lllijttns von(I lewrdPAC IFIC OCEANS

( oh! f~wtso .. '1'hle cold fr'ont medge is ICe- 'F'lit nli val av itor"' iihid I fl igh 'tp'v irol I-

(mlll t11 tivi N\ 111iii\ý .IA sit and4 111(1 (( 4'wrIIt (1 oil iiiVII -0VeT thle (A n' CIS--Al'\ibi(lt :11111olt V\V.' t N Ile

the i''~il silil' (f the tilloiiltaitis. of weathler' knowr t, li.t(- Fr t ~ om thet M-iltil-

I f tIe ill )]Iille et~wjI' )(''W Iist#. (If Thei uulutl iisml! e'u'n boliutdnry of illu' 1011: . i'Iemlls, witll) its ill.
I, i'oldel. tiia II tilt' mvi~lviiiiligw wedlge of cold ai1r,
lidt.omid front vvilII iierlvv t ravel :ii't)4Ss the topi of t tIj ti o.t il itttlI fhtlu

tIlcC 41) II4 114 do liv ('1 tl'h4ilt- l d 51414 thelieutoluitail (I ittitis \Ih llg o f. ~g c llt olh'

as it itjo' a i ft~it,'P~kIlapeil fiqiwttl :Ill :It&'a of edilatg(:bil' wv&':tlivi'-tle atrea over the

vjisi of theo lU(m-k\~ Moimi~ihtan" OuiitiL, the winti* t CM~

on til(.: Iieitt Iid ofitel depnds ollttlis tileti Oceanl Curen
W l~~~:1t1 li-t (i tilt- Alc t-:ielli sIi llivlig tuthei vii-fac Iheat.- 'u'PllI - lht I h'At11 i ~llaii

('4illit1111'. II ilihi''so~ll cuilit1015 111 Ojillh s tfilialtill (ifii the il iutIll'. Ct' t rill) ;elow fot theig itri-
illa hoill'V1 At ji lll'Ile it'iivs ile st' a"ir fr t :Itlhl, C s t li Iigi OC'tle li'li CiLlc lll.it as lg

ri !o lo-il: ll %l ht-tico's.l(-Ij.Q of 1-ughl thil'~.c ls l C~s i'Il loasts Olf ot-tol. W llol'iCiI 111111

\ýt~ fi, ,)1,4/ for'!'. \\l )' aliti'' flitsh ciissilg- O k~l lll lt;

:111i llt t 1111 1 :11~ l it i ill II ~ ll'4' l Ill -ie telt II itlll Firint' (I il-A tm:11:11 ;I l

ii' w lli'lt is I ll i 04 IIII, liva'il'lliig~ wedel o to11 l d. 31±111 tilih' il i- iloft eP h . ýr lt.p mii

t~~~~~~~~~~~~~~~w~~~~~~3 cod13i %ils e p t e w -1 11': AN i Ig - 1itl elh l
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• t .: , 1 1 > , . I l l \ N i li th ' , \ 4, 1 1 l l ,l ,. t p lh ll m) lb , e t .w o ll ol t hl -r1, H -1 1 O wt ( ;i l .c a t l ,A• s \ v( l . A s> t h e , I p : l: , r ; i i r
i l l ._ " I h e , ] P ( ) h t rz 1 , ' r -o l l t ( ) v e l .t i le ' m, v'( ' l s . M i| V il l i c. es , pt l ls h v , tl t - f { i' | r n s o l i l ih w : 1 l ' d . ' I ' l l e o l li - -

"F'lie pI,:lt, l-1 of oc'v:th t'll c t'llvrv 'lltý c u s tl: t ,• { 1 w e'(:11; (,( N - :111,I podl ;ll ial. .Ji, ni ngll the In~uh.e
I\.: l i•r t , follh m. Sh11111:1r , il lr >. V]'ic, ý ,IIIJ ,IVI v ihld , splili• ,10a IIwýr1 "' e "flil~illic.-" of

(1,(, .;11)11i 4)te , t hlle a;,i ' l :ll• : i -v: t tr,• ile ort A tH I mI t~ . { : 11i ( 1 : ol-.t(l'h P ~I t'ivi Ill \\illlt l'.
c: f' I hI - ] • ll ' i th ' a, 1 ' v |' or l- e d \ \v l i e h ý\ ; i 'l qi i l '1 " ;I Hr l h •o w ý ] D l l r il l l g t hl e" •i 'lo, m • i l " h e- 1 )(ht, , l .r ] : r .( il

o\'el. tile' c(fd ok'vmi: c'tlrrtilits fo lI~ld i|In ht0':el r loi llý. ,ff Ihe" .\ il:,ti,. I-r eo,.,ls•t( :I hlo'clinn Nearl tile (G v:ll
O)(vei~li c.lll've~'lSh litt 11hi,~w ti ~le itllllt pill- ],;ilk(.,, l't'rloll, w\ ti th ilt(, :I\'t1I'j|•Lr S11IIIII(eI' .ktlO 'lji

lt l' i t f'O i t h e A ' lt •'l~if -tr ,,t"i ] ):I ( .II . \ l r '; t r•w ]v xdIrw I) ,f~l . llm,. w t h t ,-it. it- ; vt.[ , li);i l V alll e v .~l ll

,'()l-l.,,' l ý•.q. ' VHl lil lil• . 11 lJ1 flA f•l'tl .i ilkle ' pa y r, I IIH I' mlll i (, l o.-I lid. mI ol i l t1 \\;i11.1 (),el" ild .

|Iv "i- ll. from I 0\0 of.. .N o]'- n •l\ lt'l I A~il l lel c toV.• qHll \ il, l'lm ll i l ,\ .• lil t l hvl , w ()l'.I. I g "f i
]cli,'ili'' /i/f) t"he/. ;vs ,11Y- o.\'vo:, / ,:'Ive" "velv ll~l

]lrll ]I'(l :|lit l ol"fith P, ]' tici Iz milm ilal. to• th lt
P o l a r F r o n t a l A c ti v il y 4 )f th e A\ l h~ i ll i c., t x '. c p i l li af ]'. I \ 6 i l fe l" f lt , l e i. 1 ',

In \% lille~l', t~w n,•-' :\,~ bt .•(iill. 1v-.ad c n i l 'o•i' f l. v tl\- , fr(i il ('*liVhv l ofic h 1:I l dol i na c, t lik.i
IVillit, O !!'ii l] o l 'l -I\it\ iV 't' re 'llci(''li'''l ;i ol p-ll nlliii.i li.l•i ll . I o\ii q,i. I, ., li t- lli]):w,fici
lh ( i:i,t (' ffl• N OIt" X ; I I .ki~ille[ ,.; :111(l .\1.1,1 (' i I(li' plul'<il ]):,.1*-'l ll e li~ r h ,\% .~ l c' l;M | l Iiv

:lil'~~~~ (l~•,l fl')ill v()lltlh'l!;l V.rllmil fliil, Item-i'IIl
from coihlii-li.f1 so -fc- I>li I" •,i ,,ft mh• .;Iil • I'lo I

ili~~~~~i~~In ;11r'I Theil o\'tI' liltl' 11'tll5 t1he. AVýilmll ()(Nol "•Itil
1" s i l ilo e .t e c m s IleC f[ I) aul'ici' 1 •\ilt 'l,:ll'l• oi'tlT1 (10 lItfoll'' 1kidi(' lil, ll ",'l'''l ziih i,_ l i,-,( 9 ---. 7 ,I il :t''' I~ l ~ t the• A ivltlliall 1•-lilid- oll" the• (;Illf o)f .\lt-kl B et-

C'MllU-t Ilf it, sl•vwkl c'\d oillf. kc(limiH ,.hlt 'l.\-cck ise,)Iw I;IIiil,vL-;()f flit, mi ri iv~~,, (,l • I•\ i ~llc l i 'i-.1-1
ilý 1 :1 -a l. v I i' i s Il d p -o il lit ( f h e r ýoi 'v s l l~c lk io lii, htI ,v A \ .lv ill l l o w( , b tc '(lii e; ;I f o ct'il

tI Itý ; 1 f, 4 )II'Iv , Iliv.l \\.:I Iil-I I I oC , I I i I, I Is , h :[C •o 11 I t ,•f ~ ~ l , I-m 1 h l ilik ,;1( h

thl't iliti-li-i',":l i, m •~~ -,idl , Iliivc< G u(l~il7Ht,. ( llf ,ot .h\ kai l. ()ii,'hi.(l llOlvitlil:11 \iid flollii the

,0 11 ea:-t c'(m:'l-1, l ',i i'i\ . A\ I'( Ii tc fv,' I f ilIl frooll Ilil, lll')(lli, :11141 i,•l(d Ililli-

1 1,1,#/ / 1 ,, ;. ,/,, N ; !, . i1 ,, ; /, ! /'d,..'/ : • IIf I Iit, I illii, (iliid ) \ý il ls fl-'qii I I. e •l'~I l fr l II ee(I I II. II fil'l I o lIl
A tll:ii~ltl;. ilil( ' •li V.140dli 4,1' \% I:A Y' •-\\ii,• hacl., tI he ýo llt . IhI ir,, N\h i .Ilv c A ci c . 111' Il" lit,•l's -i[.It lil ltit,

:I li~lt ifo l- I 1w, \NltI p i l, I w VI-. 111(liv,> ikilid ille -N',\ :I1I1 (\) rtI ' ,Y( i;II l\\viv 'i \\:ihvIi. I•. lh(, I'm('Ii . A r(-c

1I' 1gii lliiid ( V I N SoI;Lta " l leý,, .V ilhl 'I 1: 1illil lill Ililti ( .I[ I(- fli)- I I• 'l ( !li ( f I, Iil . "Il il j, I ( !l l V 111 11'h I e'

'.Itv %\ it'i i l l, I'l (llh ,'> i ,ii,. ill, lith e 'li - 1 '11W . ýIfwi jll'l|.- , li l,:i, Ii lillv ( ; il|"If t of li'l i (i0 l s l|\r> ,-
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